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ABSTRACT 

 

 

Water bodies contamination is a global and serious environmental concerns. An 

increase in the world’s population, growing industrialization, and exploitation of 

natural resources are the reasons of water contamination. Several heavy metals are 

continuously released into water bodies and caused for deleterious of  aquatic 

environment. The expanding industrial, agricultural, and urban activities including the 

metal plating, paints and dyes, textiles, fertilizers, tanneries, medicines, battery 

production, and mineral processing industries. Heavy metals are toxic, bio-

accumulative, and non-biodegradable; they are hazardous to aquatic life and human 

being, leading to a variety of ailments and chronic health issues. Arsenic, chromium, 

mercury, and lead are highly hazardous or even lethal to the living being even at low 

levels. These heavy metals enter into the biological system primarily through the food, 

water, and/or the air. Arsenic, a pervasive element in  Earth's crust, and its presence at 

levels beyond the acceptable limit (10 µg/L) in both surface and ground water is 

endangering human health which can cause cancer and skin lesions in human being. 

Similarly, lead is highly toxic element and causes serious health issues at extremely 

low concentrations, that includes the reproductive, neurological, and cardiovascular 

abnormalities. Chromium is widely employed for various industrial applications 

including oxidative dying, the production of pigments, and the manufacturing of 

textiles has led to severe environmental and health issues. Epigastric pain, carcinogenic 

effects, bleeding, and severe diarrhea are some of the toxic effects of chromium to 

humans. Fluoride, an inorganic pollutant causes dental and skin fluorosis, muscle fibre 

degeneration, skin rashes, low hemoglobin levels, urinary tract malfunctioning, 

abnormalities in red blood cells, abdominal pain, excessive thirst, headaches, 

nervousness, tingling in the fingers and toes, and reduced immunity. Simialrly, the 

persistent organic contaminants are hazardous compounds that have a negative impact 

on human health. They are accumulated and spread across the food chain from one 

species to other due to their persistency to remain for extended periods of time in the 

environment. Among the persistent organic pollutants, diclofenac sodium is 

nonsteroidal anti-inflammatory drug. The diclofenac sodium is often detected in 

aqueous effluents due to its wide spread use. Because of its low biodegradability and 
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high persistency, diclofenac sodium is bioaccumulated and showed severe health 

problems. On the other hand, the water-soluble cationic dye of the xanthene class, 

Rhodamine B is seemingly enters into the waterbodies from different industries. It is 

extensively used as a food additive. It is known neurotoxic and carcinogenic to both 

humans and animals.  

The development of efficient methods of removing hazardous inorganic and 

organic pollutants from water has received considerable attention in recent time. The 

advanced treatment methods viz., advanced oxidation process, ion exchange, reverse 

osmosis, membrane separation, and electrocoagulation are demonstrated to remove 

inorganic and organic contaminants, however, these methods are required with high 

capital and operating costs. On the other hand, adsorption is regarded as the efficient 

wastewater treatment method due to its widespread use, low initial costs, simple 

design, and ease of operation. The method provides selective and efficient removal of 

various inorganic and organic pollutants from various polluted waterbodies using 

adsorbents. 

The selection of adsorbents inherently possess the high specific surface area, 

numerous sorption sites, low cost, eco-friendly, and ease of modification and handling. 

In a line, nanomaterials are useful alternatives, is explored extensively in recent time. 

Natural, affordable, non-toxic minerals are used as adsorbents in the treatment of 

contaminated water due to its high ion exchange capacity, hydrophilicity, physical and 

chemical stability. Ionic species present in an aqueous solution is readily adsorbed onto 

the clay surface. Graphene oxide (GO) is contained with various functional groups viz., 

hydroxy, carboxyl, and epoxy groups which impart hydrophilic nature and is a suitable 

adsorbent for the adsorption of different inorganic and organic contaminants. But due 

to its hydrophilic nature with fine suspended or colloidal particles makes it difficult in 

phase separation. The functionalization of graphene oxide with organic or inorganic 

materials makes is easy for phase separation also the introduction of additional 

functional groups make the solid selective for several pollutants. In addition, the need 

to obtain materials with low costs employing greener method spurred the development 

of numerous environment friendly routes for preparation processes. The synthesis of 

graphene oxide using natural carbohydrates is being utilized in present investigation.  
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Therefore, the present investigation aims to synthesise the novel 

nanocomposites materials precursors to the naturally available sugarcane juice and in 

situ magnetite the nanocomposite material. A greener and sustainable approach was 

adopted in the facile synthesis of materials. Further, materials were employed in the 

treatment of aquatic environment contaminated with various inorganic and organic 

pollutants. 

The synthesized solid materials viz., graphene oxide (GO), magnetite graphene 

oxide (MGO), and magnetite graphene oxide clay nanocomposites (MGOBN) along 

with the pristine bentonite are characterized by the scanning electron microscopy 

(SEM), transmission electron microscope (TEM) reveals the heterogenous surface 

with the presence of Fe3O4 nanoparticles onto the graphene oxide or bentonite surfaces. 

The X-ray diffraction (XRD) results reveal the formation of graphene oxide and 

magnetite graphene oxide and a Fourier transform infrared (FT-IR) spectra shows the 

presence of various functional groups. Similarly, a vibrating sample magnetometer 

(VSM) measure the magnetization of magnetite graphene oxide (MGO) and magnetite 

graphene oxide clay nanocomposites (MGOBN), and a BET (Brunauer-Emmett-

Teller) surface area analyzer showed high specific surface area and mesoporous of 

these solids. The zeta potential analyzer reveals the negative charges carried by the 

solid materials. 

Graphene oxide (GO) and magnetite graphene oxide (MGO) were utilized for 

the removal of arsenic (III), and arsenic (V) whereas bentonite (BN), graphene oxide 

(GO), magnetite graphene oxide (MGO), and magnetite graphene oxide clay 

nanocomposite with 1:2 ratio (MGOBN@1:2) was employed for fluoride removal. 

MGO solid showed very high removal efficiency for arsenic (III), and arsenic (V) 

whereas MGOBN@1:2 showed high removal efficiency in removing fluoride. pH Ca 

3-4 favored greatly the elimination of these pollutants and an increase in pollutant’s 

concentrations (1.0 to 30.0 mg/L) did not impact significantly the elimination 

efficiency of solids. The sorption capacities estimated by Sips isotherm were 26.59 and 

35.97 mg/g for the arsenic (III) and arsenic (V), respectively using the MGO. Whereas 

the fluoride removal capacity was 17.81 mg/g using the MGOBN@1:2 nanocomposite. 

The simultaneous removal of arsenic (V) and fluoride were modeled with the expanded 

Sips equation and the optimized capacities were 31.88 and 6.57 mg/g, respectively for 
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arsenic (V) and fluoride using the MGO solid. The pollutants are forming an ‘inner 

sphere complexes’ at the solid surface and the kinetic data showed that the uptake of 

arsenic and fluoride followed the pseudo-second-order rate kinetics. The 

nanocomposite beads showed high loading capacities i.e., 1.54 mg/g for fluoride using 

MGOBN@1:2-beads and 1.55x102 mg/g and 1.15 x102 mg/g for arsenic (III) and 

arsenic (V), respectively using the MGO-beads under the column experiments. The 

materials were tested for several natural water implications and showed promising in 

eliminating these pollutants. Moreover, the solids were regenerated using the 

phosphate solution (0.05 M) for arsenic and acetate solution (0.01 M) for fluoride and 

the sorption desorption results showed that the removal efficiency of solid was not 

affected even for five repeated cycles.  The MGO showed efficiency in the removal of 

arsenic, chromium and copper simultaneously using an archeological bamboo chip 

sample. The nanocomposite materials are promising in large scale implications for the 

remediation of water contaminated with arsenic and fluoride.  

Further, in the removal of lead (II) and chromium (VI) by MGOBN, the removal 

efficiency was favored with an increase in pH, however; the lower pH favored the 

elimination of chromium (VI).  The extent of lead (II) and chromium (VI) removal by 

MGOBN was increased significantly with an increase in pollutant concentrations (1.0 

to 30.0 mg/L). The Sips isotherm estimated adsorption capacities for lead (II), and 

chromium (VI) to 32.48 mg/g and 5.17 mg/g, respectively. The theoretical modelling 

using the Sips expanded equation revealed the removal efficiency of nanocomposite 

solid MGOBN for lead (II) and chromium (VI) to 27.5 mg/g and 25.15 mg/g, 

respectively, in the 1:1 molar ratios of lead (II) and chromium (VI).  Similarly, the 

MGO could remove the arsenic (V) and lead (II) with capacities of 52.7 mg/g and 88.0 

mg/g for,  respectively, and for arsenic (V) and chromium (VI) is 60.5 mg/g and 19.2 

mg/g, respectively for their 1:1 molar ratio. The lead (II), and chromium (VI) are 

rapidly sorbed at the MGOBN solid and kinetic data agrees well to the pseudo-second-

order and fractal-like-pseudo-second-order rate kinetics. The lead sorption proceeds 

with ‘ion-exchange’ surface process and forming an ‘inner-sphere surface 

complexation’ at the solid surface, whereas chromium is partly sorbed with weaker 

forces and forming an ‘outer-sphere complexes’ at the surface. The nanocomposite 

solid showed high selectivity in the removal of lead (II) and chromium (VI) in the 
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spiked natural water sample. Fairly a high percentage recovery (>95%) of pre-sorbed 

lead (II) and chromium (VI) from solid surface for four successive batch operations 

using the 0.1 mol/L of HCl and H2SO4 was achieved and repeated use of 

nanocomposite solid pointed the potential of nanocomposite solid in the sustainable 

unit operations.  

Furthermore, the nanocomposite solid MGOBN is employed in the removal of 

organic pollutants viz., diclofenac sodium and Rhodamine B. High removal percentage 

of diclofenac sodium was obtained a lower pH conditions, however;  the Rhodamine 

B showed higher removal efficiency at pH~6.0. The isotherm modelling of diclofenac 

sodium fits well to the Langmuir and Sips isotherms, whereas Rhodamine B follows 

the Langmuir isotherm. The adsorption capacities estimated by the Sips isotherm was 

55.01 mg/g and 12.68 mg/g, respectively for diclofenac sodium and Rhodamine B. 

According to the kinetic data, diclofenac sodium and Rhodamine B uptake followed 

pseudo-second-order and fractal-like pseudo-second-order rate kinetics. At the solid 

surface, diclofenac sodium and Rhodamine B were aggregated with relatively stronger 

forces and forming "inner-sphere-complexes”.  The MGOBN showed potential in 

removing diclofenac sodium and Rhodamine B in the spiked natural water. The pre-

adsorbed diclofenac sodium and Rhodamine B from MGOBN were fully desorbed by 

using 0.1 M HCl for five consecutive cycles and indeed the removal efficiency of solid 

was not altered even for five repeated cycles. 

The results demonstrated that the facile, novel, greener, and economically viable 

magnetite graphene oxide clay nanocomposites showed potential in removing a variety 

of inorganic and organic contaminants from aqueous solutions. The materials could be 

employed in a large-scale treatment of wastewaters contaminated with these 

pollutants. A sustainable and facile treatment process could possibly be promising in 

unit operations. 
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dose: 2.0 g/L). 

 
 

Figure 3.21: Effect of sorptive concentrations in the removalof lead (II) and chromium 

(VI) using MGOBN [pH: 4.0 for lead (II), 3.6 for chromium (VI); Solid 

dose: 2.0 g/L]. 

 
Figure 3.22: Langmuir, Freundlich and Sips isotherms for the sorption of lead (II), and 

chromium (VI) using MGOBN [pH: 4.0 for lead (II), 3.6 for chromium 

(VI); Solid dose: 2.0 g/L]. 

 
Figure 3.23: (a) Sips isotherm modeling for the sorption of lead (II) (pH: 3.7 and 4.0), 

Cr (VI) (pH: 3.7 and 3.0), and As (V) (pH: 3.0 and 4.0) in the single 

component system; expanded Sips modelling for the binary systems for 

the simultaneous removal at varied molar ratios of (b) lead (II) and 

chromium (VI) (pH: 3.7) where q1: adsorption capacity of Pb (II) in 

Pb:Cr, q2: adsorption capacity of Cr (VI) in Pb:Cr using MGOBN; (c) 

arsenic (V) and lead (II) (pH: 4.0) where q1: adsorption capacity of As 

in As:Pb, q2: adsorption capacityof Pb (II) in As:Pb using MGO; and 

(d) arsenic (V) and chromium (VI) ) (pH: 3.0) using MGO solid where 

q1: adsorption capacity of As (V) in As:Cr, q2: adsorption capacity of Cr 

 
 
 

Figure 3.24: (a) Effect of contact time in the removal of lead (II), and chromium (VI) 

by MGOBN; (b) Pseudo-first-order, pseudo-second-order, and fractal- 

like pseudo-second-order kinetic fitting for the sorption of lead (II), and 



 

 

chromium (VI) using MGOBN [Pollutants]: 10.0 mg/L; pH: 4.0 @ lead 

(II), 3.6 @ chromium (VI); Solid dose: 2.0 g/L). 

Figure 3.25: Effect of background electrolyte in the removal of lead (II), and 

chromium (VI). (Lead (II) and chromium (VI): 10.0 mg/L; NaCl 

concentrations: 0.001 to 0.5 mg/L; pH: 4.0 for lead (II) and 3.6 for 

chromium (VI); solid dose: 2.0 g/L). 

 
Figure 3.26: Effect of co-existing ions in the removal of lead (II) and chromium (VI) 

by MGOBN (Lead (II) and chromium (VI): 10.0 mg/L; co-ions 

concentrations: 50.0 mg/L; pH: 4.0 for lead (II) and 3.6 for chromium 

(VI); solid dose: 2.0 g/L). 

 
Figure.3.28: Fitting of Freundlich adsorption isotherm for the adsorption of Lead(II) 

onto MGOBN 

Figure 3.27: Removal of lead (II) and chromium (VI) in distilled water (DW) and 

natural water (NW) samples using MGOBN nanocomposite at varied 

sorptive concentrations (Pollutants concentration: 10.0 mg/L; pH: 4.0 for 

lead (II), and 3.6 for chromium (VI), solid dose: 2.0 g/L; temperature: 

25±1 C, agitation speed:180 rpm). 

 
Figure 3.28: Percentage recovery and percentage adsorption of lead (II) and chromium 

(VI) in the repeated use of MGOBN nanocomposite; (Pollutant 

concentration: 10.0 mg/L; pH: 4.0 for lead (II) and 3.6 chromium (VI), 

solid dose: 2.0 g/L; temperature: 25 C, agitation speed: 180 rpm; 

desorption solution: 0.1 M HCl for lead (II) and 0.1 M H2SO4 for 

chromium (VI). 

 
Figure 3.29: Effect of pH in the removal of (a) diclofenac sodium; (b) Rhodamine B 

by the BN, GO, MGO, and MGOBN solids ([Pollutants]: 10.0 mg/L; 

Solid dose: 2.0 g/L; Temperature: 25 C, Agitation speed: 180 rpm). 



 

 

Figure 3.30: Effect of initial sorptive concentrations in the removal of diclofenac 

sodium and Rhodamine B onto MGOBN [pH: 3.6 for DCF and 4.0 for 

RhB; Solid dose: 2.0 g/L: Temperature: 25 C, Agitation speed: 180 rpm]. 

Figure 3.31: Langmuir, Freundlich, and Sips isotherms for the sorption of diclofenac 

sodium, and Rhodamine B using MGOBN [pH: 3.7 for diclofenac 

sodium, 4.0 for Rhodamine B; Solid dose: 2.0 g/L]. 

 
Figure 3.32: (a) Effect of contact time in the removal of diclofenac sodium, and 

Rhodamine B by MGOBN; (b) Pseudo-first-order, pseudo-second-order, 

and fractal-like pseudo-second-order kinetic fitting for the sorption of 

diclofenac sodium and Rhodamine B using MGOBN [Pollutants]: 10.0 

mg/L; pH: 3.7 for diclofenac sodium, 4.0 for Rhodamine B; Solid dose: 

2.0 g/L). 
 
 

Figure 3.33: Effect of background electrolyte in the removal of diclofenac sodium 

and Rhodamine B by MGOBN; [Pollutants]: 10.0 mg/L; pH: 3.7 for 

diclofenac sodium and 4.0 for Rhodamine B; Solid dose: 2.0 g/L; 

Temperature: 25 C, Agitation speed:180rpm. 

 
Figure 3.34: Effect of co-existing ions in the removal of diclofenac sodium and 

Rhodamine B by MGOBN(Pollutants]: 10.0 mg/L; [ions: 50.0 mg/L; pH: 

3.7 for diclofenac sodium and 4.0 for Rhodamine B; Solid dose: 2.0 g/L; 

Temperature: 25 C, Agitation speed:180 rpm). 

 
Figure 3.35: Removal of diclofenac sodium and Rhodamine B in distilled water (DW) 

and natural water (NW) samples using MGOBN composite at varied 

sorptive concentrations (Pollutants concentration: 10.0 mg/L; pH: 3.7 

(for diclofenac sodium), and 4.0 (for Rhodamine B), solid dose: 2.0 g/L; 

temperature: 25±1 C, agitation speed:180 rpm). 

 
Figure 3.36: Percentage recovery and percentage adsorption of diclofenac sodium and 

Rhodamine B in the repeated use of MGOBN nanocomposite; (Pollutant 



 

 

concentration: 10.0 mg/L; pH: 3.6 for diclofenac sodium and 4.0 for 

Rhodamine B, solid dose: 2.0 g/L; temperature: 25 C, agitation speed: 

180 rpm; desorptive solution: 0.1 M HCl 
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 illuminations and with the generator set to 30 



  

 

electromagnet (Magnetic field 

is higher than 0.5 T at a gap of 25 mm in iron cores), dual polarity power supply, Gauss 

meter (Range: 20 k Gauss to 1 Gauss), and embedded magnetic flux detector. The 

control system includes a built-in software interface for collecting and analyzing the 

data, and a built-in data acquisition system. 
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A facile and environmentally benign process allowed to synthesize the novel 

magnetite graphene oxide clay nanocomposite (MGOBN) material precursors to the 

graphene oxide and naturally occurring bentonite clay. 

 

The SEM/EDX and TEM 

 The micrographic 

images revealed the heterogeneous morphology of nanocomposite materials and the 

nanoparticles possessed an average particle size of 11.88 nm and 12.44 nm for MGO 

and MGOBN, respectively.

 

 

  



 





 

and 

almost 100% sorption was achieved at pH ~4.0 and electrostatic interaction and ion-

exchange surface complexation are the driving force involved in the removal of lead 

(II), 

The extent of adsorption capacity was increased from 0.493 to 12.755 

mg/g for lead (II) and 0.50 to 4.987 mg/g for chromium (VI) respectively for the 

fitted well to the Sips isotherm and the adsorption capacity was 32.484 mg/g for lead 

(II). On the other hand, the chromium (VI) sorption data is fitted well to the Langmuir 

as well as Sips isotherms with the adsorption capacity of 5.17 mg/g using the Sips 

isotherm modeling. 

Ca 90% of lead (II) was sorbed in 10 mins of contact time, whereas 

within 60 mins of contact Ca 53% of chromium (VI) was sorbed



the removal percentage was decreased 

from 98.2 to 96.2 % for lead (II) and from 74.1 to 70.0 % for chromium (VI) for the 

five repeated use of solid material. The

 

within the pH region ~3.0 to 4.0 with a maximum of Ca 97% was 

removed using the GO and MGO and Ca 90% using the MGOBN and further increase 

in pH ~4.0 to 7.0 caused for gradual decrease in percentage uptake of diclofenac 

sodium using these nanocomposite solids. Rhodamine B removal by the GO and 

MGOBN showed the high removal percentage which was almost unaffected within 

the pH region of ~2.0 to 4.0. Further increase in pH (pH>5.0) caused for sharp decrease 

in percentage uptake of Rhodamine B by these solids i.e., GO and MGOBN. 



 

 

 

 

 

 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 
 

Abbas, Z., Ali, S., Rizwan, M., Zaheer, I. E., Malik, A., Riaz, M. A., Shahid, M. R., 

Rehman, M. Z. ur, and Al-Wabel, M. I. (2018). Acritical review of mechanisms 

involved in the adsorption of organic and inorganic contaminants through 

biochar. Arab. J. Geosci., 11(16): 448. https://doi.org/10.1007/s12517-018- 

3790-1 

 
Acuña, V., Ginebreda, A., Mor, J. R., Petrovic, M., Sabater, S., Sumpter, J., and 

Barceló, D. (2015). Balancing the health benefits and environmental risks of 

pharmaceuticals: Diclofenac as an example. Environ Int., 85: 327 333. 

https://doi.org/10.1016/j.envint.2015.09.023 

 
Adeleke, A., Ahmad, A., Hossain, K., and Rafatullah, M. (2019). Adsorption of 

Rhodamine B dye from aqueous solution onto acid treated banana peel: 

Response surface methodology, kinetics and isotherm studies. PLOS ONE., 14: 

e0216878. https://doi.org/10.1371/journal.pone.0216878 

 
Ahmaruzzaman, Md. (2008). Adsorption of phenolic compounds on low-cost 

adsorbents: A review. Adv. Colloid Interface Sci., 143(1): 48 67. 

https://doi.org/10.1016/j.cis.2008.07.002 

 
Ai, L., Zhang, C., Liao, F., Wang, Y., Li, M., Meng, L., and Jiang, J. (2011). Removal 

of methylene blue from aqueous solution with magnetite loaded multi-wall 

carbon nanotube: Kinetic, isotherm and mechanism analysis. J. Hazard Mater., 

198: 282 290. https://doi.org/10.1016/j.jhazmat.2011.10.041 

 
Ajayan, P. M. (1999). Nanotubes from Carbon. Chem. Rev., 99(7): 1787 1800. 

https://doi.org/10.1021/cr970102g 

Ali, I., Asim, Mohd., and Khan, T. A. (2012). Low cost adsorbents for the removal of 

organic pollutants from wastewater. J. Environ Manage., 113: 170 183. 

https://doi.org/10.1016/j.jenvman.2012.08.028 



 

 
 

Alizadeh, A., Abdi, G., Khodaei, M. M., Ashokkumar, M., and Amirian, J. (2017). 

Graphene oxide/Fe 3 O 4 /SO 3 H nanohybrid: A new adsorbent for adsorption 

and reduction of Cr( VI ) from aqueous solutions. RSC Adv., 7(24): 14876  

14887. https://doi.org/10.1039/C7RA01536D 

 
Al-Khaldi, F. A., Abu-Sharkh, B., Abulkibash, A. M., and Atieh, M. A. (2013). 

Cadmium removal by activated carbon, carbon nanotubes, carbon nanofibers, 

and carbon fly ash: A comparative study. Desalin. Water Treat., 1 13. 

https://doi.org/10.1080/19443994.2013.847805 

 
Alkorta, I., Hernández-Allica, J., Becerril, J. M., Amezaga, I., Albizu, I., and Garbisu, 

C. (2004). Recent Findings on the Phytoremediation of Soils Contaminated 

with Environmentally Toxic Heavy Metals and Metalloids Such as Zinc, 

Cadmium, Lead, and Arsenic. Rev. Environ. Sci. Biotechnol., 3(1): 71 90. 

https://doi.org/10.1023/B:RESB.0000040059.70899.3d 

 
Altman, R., Bosch, B., Brune, K., Patrignani, P., and Young, C. (2015). Advances in 

NSAID Development: Evolution of Diclofenac Products Using Pharmaceutical 

Technology. Drugs, 75(8): 859 877. https://doi.org/10.1007/s40265-015- 

0392-z 

 
 H. S.,  S., Tümen, F., and Bildik, M. (2002). Arsenic 

adsorption from aqueous solutions by activated red mud. Waste Manag., 22(3): 

357 363. https://doi.org/10.1016/S0956-053X(01)00041-1 

 
Alwan, S. H., Alshamsi, H. A. H., and Jasim, L. S. (2018). Rhodamine B removal on 

A-rGO/cobalt oxide nanoparticles composite by adsorption from contaminated 

water. J. Mol. Struct., 1161: 356 365. 

https://doi.org/10.1016/j.molstruc.2017.11.127 



 

 
Government of British Columbia . 

Archived from the original on 24th September 2015. Retrieved 8 October 

2014.WHO/UNICEF Joint Monitoring Programme for Water Supply, 

Sanitation and Hygiene (JMP).2020 Annual Report 

 
Ansari, R., and Fahim, N. K. (2007). Application of polypyrrole coated on wood 

sawdust for removal of Cr(VI) ion from aqueous solutions. React. Funct. 

Polym., 67(4): 367 374. 

https://doi.org/10.1016/j.reactfunctpolym.2007.02.001 
 
 

Antunes, M., Esteves, V. I., Guégan, R., Crespo, J. S., Fernandes, A. N., and Giovanela, 

M. (2012). Removal of diclofenac sodium from aqueous solution by Isabel 

grape bagasse. J. Chem. Eng. 192: 114 121. 

https://doi.org/10.1016/j.cej.2012.03.062 

 
Aprile, A., and De Bellis, L. (2020). Editorial for Special Issue  

Accumulation, Toxicity, and Detoxification in  Int. J. Mol. Sci., 21(11): 

4103. https://doi.org/10.3390/ijms21114103 

 
Arsenic Exposure and Health Effects IV - 1st Edition. (n.d.). Retrieved November 11, 

2022, from https://www.elsevier.com/books/arsenic-exposure-and-health- 

effects-iv/chappell/978-0-08-044067-5 

 
Assunção, A. G. L., Schat, H., and Aarts, M. G. M. (2003). Thlaspi caerulescens, an 

attractive model species to study heavy metal hyperaccumulation in plants. 

New Phytol., 159(2): 351 360. https://doi.org/10.1046/j.1469- 

8137.2003.00820.x 

 
Azeh Engwa, G., Udoka Ferdinand, P., Nweke Nwalo, F., and N. Unachukwu, M. 

(2019). Mechanism and Health Effects of Heavy Metal Toxicity in Humans. In 

O. Karcioglu & B. Arslan (Eds.), Poisoning in the Modern World New Tricks 

for an Old Dog? IntechOpen. https://doi.org/10.5772/intechopen.8251 



 

 
Azizian, S. (2004). Kinetic models of sorption: A theoretical analysis. J. Colloid 

Interface Sci., 276(1): 47 52. https://doi.org/10.1016/j.jcis.2004.03.048 

 
Baig, N., Ihsanullah, Sajid, M., and Saleh, T. A. (2019). Graphene-based adsorbents 

for the removal of toxic organic pollutants: Areview. J. Environ. Mangne., 244: 

370 382. https://doi.org/10.1016/j.jenvman.2019.05.047 

 
Bailey, S.E., Olin, T.J., Bricka, R.M., Adrian, D.D., (1999). A review of potentially 

low cost sorbents for heavy metals. Water Res., 33: 2469 2479. 

 
Bain, R., Cronk, R., Hossain, R., Bonjour, S., Onda, K., Wright, J., Yang, H., 

 

assessment of exposure to faecal contamination through drinking water based 

on a systematic review. Trop Med. Int. Health., 19(8): 917 927. 

https://doi.org/10.1111/tmi.12334 

 
Baltpurvins, K. (1997). Effect of electrolyte composition on zinc hydroxide 

precipitation by lime. Water Res., 31(5): 973 980. 

https://doi.org/10.1016/S0043-1354(96)00327-2 

 
Banerjee, S., and Chattopadhyaya, M. C. (2017). Adsorption characteristics for the 

removal of a toxic dye, tartrazine from aqueous solutions by a low cost 

agricultural by-product. Arab. J. Chem., 10: S1629 S1638. 

https://doi.org/10.1016/j.arabjc.2013.06.005 

 
Barbier, O., Arreola-Mendoza, L., and Del Razo, L. M. (2010). Molecular mechanisms 

of fluoride toxicity. Chemico-Biol. Interact., 188(2): 319 333. 

https://doi.org/10.1016/j.cbi.2010.07.011 

 
Barceló, D. (2003). Emerging pollutants in water analysis. TrAC Trends Anal. Chem., 

22(10): 14 16. https://doi.org/10.1016/S0165-9936(03)01106-3 



 

 
Barnhart, J. (1997). Chromium chemistry and implications for environmental fate and 

toxicity. J. Soil Contam., 6(6): 561 568. 

https://doi.org/10.1080/15320389709383589 

 
Barraqué, F., Montes, M. L., Fernández, M. A., Candal, R., Torres Sánchez, R. M., and 

Marco-Brown, J. L. (2021). Arsenate removal from aqueous solution by 

montmorillonite and organo-montmorillonite magnetic materials. Environ. 

Res., 192: 110247. https://doi.org/10.1016/j.envres.2020.110247 

 
Bartolomeu, M., Neves, M. G. P. M. S., Faustino, M. A. F., and Almeida, A. (2018). 

Wastewater chemical contaminants: Remediation by advanced oxidation 

processes. Photochem. Photobiol. Sci., 17(11): 1573 1598. 

https://doi.org/10.1039/c8pp00249e 

 
Bcee, M. L. D. P. D. P. E. (2020). Water and Wastewater Engineering: Design 

Principles and Practice. McGraw-Hill Education. 

https://www.accessengineeringlibrary.com/content/book/9781260132274 

 
Belachew, N., and Bekele, G. (2020). Synergy of Magnetite Intercalated Bentonite for 

Enhanced Adsorption of Congo Red Dye. Silicon., 12(3): 603 612. 

https://doi.org/10.1007/s12633-019-00152-2 

 
Bergeson, L. L. (2008). The proposed lead NAAQS: Is consideration of cost in the 

clean air  future? Environ. Qual. Manag., 18(1): 79 84. 

https://doi.org/10.1002/tqem.20197 

 
Bhadra, B. N., Seo, P. W., and Jhung, S. H. (2016). Adsorption of diclofenac sodium 

from water using oxidized activated carbon. J. Chem. Eng., 301: 27 34. 

https://doi.org/10.1016/j.cej.2016.04.143 



 

 
Bharati, R., Sundaramurthy, S., and Thakur, C. (2017). 14 Nanomaterials and food- 

processing wastewater. In A. M. Grumezescu (Ed), Water Purification (479  

516). Academic Press. https://doi.org/10.1016/B978-0-12-804300-4.00014-9 

 
Bhatnagar, A., Kumar, E., and Sillanpää, M. (2011). Fluoride removal from water by 

adsorption A review. J. Chem. Eng., 171(3) 

: 811 840. https://doi.org/10.1016/j.cej.2011.05.028 
 
 

Bhatnagar, A., and Sillanpää, M. (2010). Utilization of agro-industrial and municipal 

waste materials as potential adsorbents for water treatment A review. J. 

Chem. Eng. 157(2): 277 296. https://doi.org/10.1016/j.cej.2010.01.007 

 
Bhattacharya, P., Chatterjee, D., and Jacks, G. (1997). Occurrence of Arsenic- 

contaminatedGroundwater in Alluvial Aquifers from Delta Plains, Eastern 

India: Options for Safe Drinking Water Supply. Int. J. Water Resour. Dev., 

13(1): 79 92. https://doi.org/10.1080/07900629749944 

 
Bhaumik, M., Leswifi, T. Y., Maity, A., Srinivasu, V. V., and Onyango, M. S. (2011a). 

Removal of fluoride from aqueous solution by polypyrrole/Fe3O4 magnetic 

nanocomposite. J. Hazard. Mater., 186(1): 150 159. 

https://doi.org/10.1016/j.jhazmat.2010.10.098 

 
Bian, Y., Bian, Z.-Y., Zhang, J.-X., Ding, A.-Z., Liu, S.-L., and Wang, H. (2015). Effect 

of the oxygen-containing functional group of graphene oxide on the aqueous 

cadmium ions removal. Appl. Surf. Sci., 329: 269 275. 

https://doi.org/10.1016/j.apsusc.2014.12.090 

 
Bissen, M., and Frimmel, F. H. (2003). Arsenic  a Review. Part I: Occurrence, 

Toxicity, Speciation, Mobility. Acta Hydroch. Hydrob., 31(1): 9 18. 

https://doi.org/10.1002/aheh.200390025 



 

 
Bitten by witch fever: Wallpaper & arsenic in the Victorian home | WorldCat.org. 

(2023). https://www.worldcat.org/title/bitten-by-witch-fever-wallpaper- 

arsenic-in-the-victorian-home/oclc/958378017 

 
Blackburn, R. S. (2004). Natural Polysaccharides and Their Interactions with Dye 

Molecules: Applications in Effluent Treatment. Environ. Sci. Technol., 38(18): 

4905 4909. https://doi.org/10.1021/es049972n 

 
Bolong, N., Ismail, A. F., Salim, M. R., and Matsuura, T. (2009). Areview of the effects 

of emerging contaminants in wastewater and options for their removal. 

Desalination., 239(1 3): 229 246. https://doi.org/10.1016/j.desal.2008.03.020 

 
Borah, P., Kumar, M., and Devi, P. (2020). Types of inorganic pollutants: 

Metals/metalloids, acids, and organic forms. In Inorganic Pollutants in Water 

(17 31). Elsevier. https://doi.org/10.1016/B978-0-12-818965-8.00002-0 

 
Boruah, S. (2012). Synthesis of graphene oxide nanosheets from pencil lead and in- 

situ synthesis of gold nanoparticles on graphene oxide nanosheets. Int. J. Innov. 

Res. Dev.,1: 146 154. 

 
Boukhalfa, N., Boutahala, M., and Djebri, N. (2017). Synthesis and characterization 

of ZnAl-layered double hydroxide and organo-K10 montmorillonite for the 

removal of diclofenac from aqueous solution. Adsorpt Sci Technol., 35(1 2): 

20 36. https://doi.org/10.1177/0263617416666548 

 
Bradl, H. B. (2004). Adsorption of heavy metal ions on soils and soils constituents. J. 

Colloid Interface Sci., 277(1): 1 18. https://doi.org/10.1016/j.jcis.2004.04.005 

 
Brahman, K. D., Kazi, T. G., Baig, J. A., Afridi, H. I., Khan, A., Arain, S. S., and Arain, 

M. B. (2014). Fluoride and arsenic exposure through water and grain crops in 

Nagarparkar, Pakistan. Chemosphere., 100: 182 189. 

https://doi.org/10.1016/j.chemosphere.2013.11.035 



 

 
Brierley, C. L. (1990). Bioremediation of  surface and 

groundwaters. Geomicrobiology J., 8(3 4): 201 223. 

https://doi.org/10.1080/01490459009377894 

 
Bustingorri, C., and Lavado, R. S. (2014). Soybean as affected by high concentrations 

of arsenic and fluoride in irrigation water in controlled conditions. Agric. 

Water Manag., 144: 134 139. https://doi.org/10.1016/j.agwat.2014.06.004 

 
Butt, H.-J., Graf, K., & Kappl, M. (2013). Physics and Chemistry of Interfaces. 

 
 

Cao, L., Li, Z., Su, K., and Cheng, B. (2016). Hydrophilic Graphene Preparation from 

Gallic Acid Modified Graphene Oxide in Magnesium Self-Propagating High 

Temperature Synthesis Process. Sci. Rep., 6(1): Article 1. 

https://doi.org/10.1038/srep35184 

 
Carolin, C. F., Kumar, P. S., Saravanan, A., Joshiba, G. J., and Naushad, Mu. (2017). 

Efficient techniques for the removal of toxic heavy metals from aquatic 

environment: A review. J. Environ. Chem. Eng., 5(3): 2782 2799. 

https://doi.org/10.1016/j.jece.2017.05.029 

 
CGWA, (2018). Ground water quality in shallow quifiers of India. Central Ground 

Water Board Ministry of Water Resources. Government of India. 

 
Chai, L., Wang, Y., Zhao, N., Yang, W., and You, X. (2013). Sulfate-doped 

Fe3O4/Al2O3 nanoparticles as a novel adsorbent for fluoride removal from 

drinking water. Water Res, 47(12): 4040 4049. 

https://doi.org/10.1016/j.watres.2013.02.057 

 
Chandra, V., Park, J., Chun, Y., Lee, J. W., Hwang, I.-C., and Kim, K. S. (2010a). 

Water-Dispersible Magnetite-Reduced Graphene Oxide Composites for 

Arsenic Removal. ACS Nano, 4(7): 3979 3986. 

https://doi.org/10.1021/nn1008897 



 

 
Chang, S.-H., Wang, K.-S., Li, H.-C., Wey, M.-Y., and Chou, J.-D. (2009). 

Enhancement of Rhodamine B removal by low-cost fly ash sorption with 

Fenton pre-oxidation. J. Hazard Mater., 172(2 3): 1131 1136. 

https://doi.org/10.1016/j.jhazmat.2009.07.106 

 
Chantawong, V., Harvey, N.W., Bashkin, V.N., (2001). Adsorption of lead nitrate on 

Thai kaolin and ballclay. Asian J. Energy Environ., 2: 33 48 

 
Chappell, W. R., Abernathy, C. O., Calderon, R. L., and Thomas, D. J. (2003). List of 

Contributors. In Arsenic Exposure and Health Effects V. Elsevier Science B.V. 

https://doi.org/10.1016/B978-044451441-7/50001-4 

 
Chen, C.-C., and Chung, Y.-C. (2006). Arsenic Removal Using a Biopolymer Chitosan 

Sorbent. J. Environ. Sci. Health A., 41(4): 645 658. 

https://doi.org/10.1080/10934520600575044 

 
Chi, Z., Hao, L., Dong, H., Yu, H., Liu, H., Wang, Z., and Yu, H. (2020). The innovative 

application of organosolv lignin for nanomaterial modification to boost its 

heavy metal detoxification performance in the aquatic environment. J. Chem. 

Eng., 382: 122789. https://doi.org/10.1016/j.cej.2019.122789 
 

Exposure 

 Agency for Toxic Substances and disease registry. Retrived 15 May. 

 
Cui, L., Wang, Y., Gao, L., Hu, L., Yan, L., Wei, Q., and Du, B. (2015). EDTA 

functionalized magnetic graphene oxide for removal of Pb(II), Hg(II) and 

Cu(II) in water treatment: Adsorption mechanism and separation property. J. 

Chem. Eng., 281: 1 10. https://doi.org/10.1016/j.cej.2015.06.043 
 

da Rosa, A. L. D., Carissimi, E., Dotto, G. L., Sander, H., and Feris, L. A. (2018). 

Biosorption of rhodamine B dye from dyeing stones effluents using the green 



 

 
microalgae   Chlorella   pyrenoidosa. J. Clean. Prod., 198: 1302 1310. 

https://doi.org/10.1016/j.jclepro.2018.07.128 

 
Dang, V. B. H., Doan, H. D., Dang-Vu, T., and Lohi, A. (2009a). Equilibrium and 

kinetics of biosorption of cadmium(II) and copper(II) ions by wheat straw. 

Bioresour. Technol., 100(1): 211 219. 

https://doi.org/10.1016/j.biortech.2008.05.031 

 
Das, A., and Singh, S. (2011). Occupational health assessment of chromite toxicity 

among Indian miners. Indian J. Occup. Environ. Med., 15(1): 6. 

https://doi.org/10.4103/0019-5278.82998 

 
Dawodu, F., and Akpomie, K. (2014). Kinetic, Equilibrium and Thermodynamic 

Studies on the Adsorption of Cadmium (II) ions using Aloji Kaolinite Mineral. 

Pac. J. Sci. Technol., 15., 268 276. 

 
Deng, F., Luo, X.-B., Ding, L., and Luo, S.-L. (2019). Application of Nanomaterials 

and Nanotechnology in the Reutilization of Metal Ion From Wastewater. In 

Nanomaterials for the Removal of Pollutants and Resource Reutilization ( 149  

178). Elsevier. https://doi.org/10.1016/B978-0-12-814837-2.00005-6 

 
Dhamodharan, D., Senthil, T., Wu, L., Mubarak, S., Kale, M. B., Divakaran, N., Zheng, 

L., and Zhang, X. (2019). Water dispersible magnetite graphene oxide 

anchored sulfonic acid hybrid for mechanical enhancement of waterborne 

epoxy nanocomposites. Compos. B. Eng., 171: 119 129. 

https://doi.org/10.1016/j.compositesb.2019.04.039 

 
Dhir, B. (2013). Phytoremediation: Role of Aquatic Plants in Environmental Clean- 

Up. Springer. https://doi.org/10.1007/978-81-322-1307-9 

 
Dixit, S., and Hering, J. G. (2003). Comparison of Arsenic(V) and Arsenic(III) 

Sorption onto Iron Oxide Minerals: Implications for Arsenic Mobility. Environ 

Sci. Technol., 37(18): 4182 4189. https://doi.org/10.1021/es030309t 



 

 
 
 

Domínguez-González, R., González Varela, L., and Bermejo-Barrera, P. (2014). 

Functionalized gold nanoparticles for the detection of arsenic in water. Talanta, 

118: 262 269. https://doi.org/10.1016/j.talanta.2013.10.029 

 
Done, A. K., and Peart, A. J. (1971). Acute Toxicities of Arsenical Herbicides. Clin. 

Toxicol., 4(3): 343 355. https://doi.org/10.3109/15563657108990485 
 
 

Dubey, S. P., Nguyen, T. T. M., Kwon, Y.-N., and Lee, C. (2015). Synthesis and 

characterization of metal-doped reduced graphene oxide composites, and their 

application in removal of Escherichia coli, arsenic and 4-nitrophenol. J. Ind. 

Eng. Chem., 29: 282 288. https://doi.org/10.1016/j.jiec.2015.04.008 

 
 D., Trochimczuk, A. W., and Beker, U. (2012). Kinetics and 

thermodynamics of hexavalent chromium adsorption onto activated carbon 

derived from acrylonitrile-divinylbenzene copolymer. J. Chem. Eng., 187: 

193 202. https://doi.org/10.1016/j.cej.2012.01.120 

 
Ebele, A. J., Abou-Elwafa Abdallah, M., and Harrad, S. (2017). Pharmaceuticals and 

personal care products (PPCPs) in the freshwater aquatic environment. Emerg. 

Contam., 3(1): 1 16. https://doi.org/10.1016/j.emcon.2016.12.004 

 
Eckenfelder, W. W., and  D. J. (2013). Biological Waste Treatment. Elsevier. 

 
 

Edmunds,W. M., Ahmed, K. M., and Whitehead, P. G. (2015). A review of arsenic and 

its impacts in groundwater of the Ganges Brahmaputra Meghna delta, 

Bangladesh. Environ. Sci.: Processes and Impacts, 17(6): 1032 1046. 

https://doi.org/10.1039/C4EM00673A 

 
El-Maghrabi, N., el Borady, O., Hosny, M., and Fawzy, M. (2021). Catalytic and 

Medical Potential of a Phyto-Functionalized Reduced Graphene Oxide Gold 

Nanocomposite Using Willow-Leaved Knotgrass. ACS Omega. 

https://doi.org/10.1021/acsomega.1c05596 



 

 
 
 

Fan, C., Du, B., Zhang, Y., Ding, S., Gao, Y., and Chang, M. (2017). Adsorption of 

lead on organo-mineral complexes isolated from loess in Northwestern China. 

J. Geochem. Explor., 176: 50 56. https://doi.org/10.1016/j.gexplo.2016.02.012 

 
Fan, L., Luo, C., Sun, M., and Qiu, H. (2012a). Synthesis of graphene oxide decorated 

with magnetic cyclodextrin for fast chromium removal. J. Mater. Chem., 

22(47): 24577. https://doi.org/10.1039/c2jm35378d 

 
Fan, Y., Fu, D., Zhou, S., Lu, Y., Zhao, X., Jin, W., and Zhao, Y. (2016). Facile synthesis 

of goethite anchored regenerated graphene oxide nanocomposite and its 

application in the removal of fluoride from drinking water. Desalin. Water 

Treat., 57(58): 28393 28404. https://doi.org/10.1080/19443994.2016.1179222 

 
Fiyadh, S. S., AlSaadi, M. A., Jaafar, W. Z., AlOmar, M. K., Fayaed, S. S., Mohd, N. 

S., Hin, L. S., and El-Shafie, A. (2019). Review on heavy metal adsorption 

processes by carbon nanotubes. J. Clean Prod., 230: 783 793. 

https://doi.org/10.1016/j.jclepro.2019.05.154 

 
Foo, K. Y., and Hameed, B. H. (2010). Insights into the modeling of adsorption 

isotherm systems. J. Chem. Eng., 156(1)., 2 10. 

https://doi.org/10.1016/j.cej.2009.09.013 

 
Fosshage, M. (2014). A new wastewater treatment technology for developing 

countries. Filtr. Sep., 51(5): 14 17. https://doi.org/10.1016/S0015- 

1882(14)70180-6 
 
 

Fu, F., and Wang, Q. (2011). Removal of heavy metal ions from wastewaters: Areview. 

J. Environ. Manage., 92(3): 407 418. 

https://doi.org/10.1016/j.jenvman.2010.11.011 



 

 
Fu, R., and Zhu, M. (2016). Synthesis and Characterization of Structure of 

Fe3O4@Graphene Oxide Nanocomposites. Adv. Compos. Lett., 25(6): 

096369351602500604. https://doi.org/10.1177/096369351602500604 

 
Fuller, S. J., Burke, I. T., McMillan, D. G. G., Ding, W., and Stewart, D. I. (2015). 

Population Changes in a Community of Alkaliphilic Iron-Reducing Bacteria 

Due to Changes in the Electron Acceptor: Implications for Bioremediation at 

Alkaline Cr(VI)-Contaminated Sites. Wat. Air, and Soil Poll., 226(6); 180. 

https://doi.org/10.1007/s11270-015-2437-z 

 
Ganesan, V., Louis, C., and Damodaran, S. P. (2018). Graphene oxide-wrapped 

magnetite nanoclusters: A recyclable functional hybrid for fast and highly 

efficient removal of organic dyes from wastewater. J. Environ. Chem. Eng., 

6(2): 2176 2190. https://doi.org/10.1016/j.jece.2018.03.026 

 
Gao, W. (2015). The Chemistry of Graphene Oxide. In W. Gao (Ed.), Graphene Oxide 

(61 95). Springer International Publishing. https://doi.org/10.1007/978-3-319- 

15500-5_3 

 
 

Murnane, J. G. (2022). Removal of hexavalent chromium (Cr(VI)) from 

aqueous solution using acid-modified poultry litter-derived hydrochar: 

Adsorption, regeneration and reuse. J. Chem Technol Biotechnol., 97(1): 55  

66. https://doi.org/10.1002/jctb.6904 

 
Ghasemi, Z., Sourinejad, I., Kazemian, H., and Rohani, S. (2018). Application of 

zeolites in aquaculture industry: A review. Rev. Aquac., 10(1): 75 95. 

https://doi.org/10.1111/raq.12148 

 
Gitari, W. M., Ngulube, T., Masindi, V., and Gumbo, J. R. (2015a). Defluoridation of 

groundwater using Fe 3+ -modified bentonite clay: Optimization of adsorption 



 

 
conditions. Desalin. Water Treat., 53(6): 1578 1590. 

https://doi.org/10.1080/19443994.2013.855669 

 
Gleeson, T., Wada, Y., Bierkens, M. F. P., and van Beek, L. P. H. (2012). Water balance 

of global aquifers revealed by groundwater footprint. Nature, 488(7410): 

Article 7410. https://doi.org/10.1038/nature11295 

 
Gode, F., and Pehlivan, E. (2005). Removal of Cr(VI) from aqueous solution by two 

Lewatit-anion exchange resins. J. Hazard. Mater., 119(1 3): 175 182. 

https://doi.org/10.1016/j.jhazmat.2004.12.004 

Gogoi, P. K., and Baruah, R. (2008). Fluoride removal from water by adsorption on 

acid activated kaolinite clay. IJCT 15(5): 

http://nopr.niscpr.res.in/handle/123456789/2845 

 
Gollavelli, G., Chang, C.-C., and Ling, Y.-C. (2013). Facile Synthesis of Smart 

Magnetic Graphene for Safe Drinking Water: Heavy Metal Removal and 

Disinfection Control. ACS Sustain. Chem. Eng., 1(5)., 462 472. 

https://doi.org/10.1021/sc300112z 

 
Goswami, A., and Purkait, M. K. (2011). Kinetic and Equilibrium Study for the 

Fluoride Adsorption using Pyrophyllite. Sep Sci Technol., 46(11): 1797 1807. 

https://doi.org/10.1080/01496395.2011.572327 

 
Grassi, M., Rizzo, L., and Farina, A. (2013). Endocrine disruptors compounds, 

pharmaceuticals and personal care products in urban wastewater: Implications 

for agricultural reuse and their removal by adsorption process. Environ. Sci. 

Pollut. Res., 20(6): 3616 3628. https://doi.org/10.1007/s11356-013-1636-7 

 
Guerra, A. C. S., de Andrade, M. B., Tonial dos Santos, T. R., and Bergamasco, R. 

(2021). Adsorption of sodium diclofenac in aqueous medium using graphene 

oxide nanosheets. Environ. Technol., 42(16): 2599 2609. 

https://doi.org/10.1080/09593330.2019.1707882 



 

 
 
 

Guertin, J., Jacobs, J. A., and Avakian, C. P. (2004). Chromium(VI) Handbook. CRC 

Press. 

 
Guggenheim, S. (1995). Definition of Clay and Clay Mineral: Joint Report of the 

AIPEA Nomenclature and CMS Nomenclature Committees. Clays clay Miner., 

43(2): 255 256. https://doi.org/10.1346/CCMN.1995.0430213 

 
Guleria, A., Kumari, G., Lima, E. C., Ashish, D. K., Thakur, V., and Singh, K. (2022). 

Removal of inorganic toxic contaminants from wastewater using sustainable 

biomass: A review. Sci. Total Environ., 823, 153689. 

https://doi.org/10.1016/j.scitotenv.2022.153689 

 
Gulson, B. (2008). Stable lead isotopes in environmental health with emphasis on 

human investigations. Science of The Total Environment, 400(1 3): 75 92. 

https://doi.org/10.1016/j.scitotenv.2008.06.059 

 
Guo, L., Ye, P., Wang, J., Fu, F., and Wu, Z. (2015). Three-dimensional Fe3O4- 

graphene macroscopic composites for arsenic and arsenate removal. J. Hazar. 

Mater., 298: 28 35. https://doi.org/10.1016/j.jhazmat.2015.05.011 

 
Gupta, T., Singh, S. P., Rajput, P., and Agarwal, A. K. (Eds.). (2020). Measurement, 

Analysis and Remediation of Environmental Pollutants. Springer Singapore. 

https://doi.org/10.1007/978-981-15-0540-9 

 
Gupta, V. K., Suhas, Ali, I., and Saini, V. K. (2004). Removal of Rhodamine B, Fast 

Green, and Methylene Blue from Wastewater Using Red Mud, an Aluminum 

Industry Waste. Ind. Eng. Chem. Res., 43(7): 1740 1747. 

https://doi.org/10.1021/ie034218g 

 
from Wastewater 

Using Emulsion Liquid Membrane Technique. Environ. Eng. Sci., 22(4): 411  

420. https://doi.org/10.1089/ees.2005.22.411 



 

 
 
 

Haerifar, M., and Azizian, S. (2012). Fractal-Like Adsorption Kinetics at the 

Solid/Solution Interface. J. Phys. Chem. C, 116(24): 13111 13119. 

https://doi.org/10.1021/jp301261h 

 
Hamdaoui, O., and Zamouche, M. (2012). Sorption of Rhodamine B by Cedar Cone: 

Effect of Ph and Ionic Strength. Energy Procedia., 18: 1228 1239. 

https://doi.org/10.1016/j.egypro.2012.05.119 

 
Hamdi, N., and Srasra, E. (2007). Removal of fluoride from acidic wastewater by clay 

mineral: Effect of solid liquid ratios. Desalination, 206(1 3): 238 244. 

https://doi.org/10.1016/j.desal.2006.04.054 

 
Han, B., Weatherley, A. J., Mumford, K., Bolan, N., He, J.-Z., Stevens, G. W., and 

Chen, D. (2022). Modification of naturally abundant resources for remediation 

of potentially toxic elements: A review. J. Hazard. Mater., 421: 126755. 

https://doi.org/10.1016/j.jhazmat.2021.126755 

 
Han, I., Schlautman, M. A., and Batchelor, B. (2000). Removal of Hexavalent 

Chromium from Groundwater by Granular Activated Carbon. Water Environ. 

Res., 72(1):  29 39. 

 
Hawksley and Lucinda (2016). Bitten by Witch Fever: Wallpaper & Arsenic in the 

Victorian Home. New York: Thames & Hudson 

 
Hayes, K. F., Papelis, C., and Leckie, J. O. (1988). Modeling ionic strength effects on 

anion adsorption at hydrous oxide/solution interfaces. J Colloid Interface Sci., 

125(2): 717 726. https://doi.org/10.1016/0021-9797(88)90039-2 

 
He, Z. L., Yang, X. E., and Stoffella, P. J. (2005). Trace elements in agroecosystems 

and impacts on the environment. J. Trace Elem. Med. Biol., 19(2): 125 140. 

https://doi.org/10.1016/j.jtemb.2005.02.010 



 

 
Heberer, T. (2002). Occurrence, fate, and removal of pharmaceutical residues in the 

aquatic environment: A review of recent research data. Toxicol Lett., 131(1 2): 

5 17. https://doi.org/10.1016/S0378-4274(02)00041-3 

 
Hiew, B. Y. Z., Lee, L. Y., Lee, X. J., Gan, S., Thangalazhy-Gopakumar, S., Lim, S. S., 

Pan, G.-T., and Yang, T. C.-K. (2019). Adsorptive removal of diclofenac by 

graphene oxide: Optimization, equilibrium, kinetic and thermodynamic 

studies. J. Taiwan Inst. Chem. Eng., 98: 150 162. 

https://doi.org/10.1016/j.jtice.2018.07.034 

 
Ho, Y. S., and McKay, G. (1999). Pseudo-second order model for sorption processes. 

Process Biochem., 34(5): 451 465. https://doi.org/10.1016/S0032- 

9592(98)00112-5 

Ho, Y.-S. (2006). Review of second-order models for adsorption systems. J. Hazard. 

Mater.,136(3): 681 689. https://doi.org/10.1016/j.jhazmat.2005.12.043 
 
 

Hou, M.-F., Ma, C.-X., Zhang, W.-D., Tang, X.-Y., Fan, Y.-N., and Wan, H.-F. (2011). 

Removal of rhodamine B using iron-pillared bentonite. J. Hazard. Mater., 

186(2 3): 1118 1123. https://doi.org/10.1016/j.jhazmat.2010.11.110 
 
 

Hu, H., and Xu, K. (2020). Chapter 8 Physicochemical technologies for HRPs and 

risk control. In H. Ren & X. Zhang (Eds.), High-Risk Pollutants in Wastewater 

(169 207). Elsevier. https://doi.org/10.1016/B978-0-12-816448-8.00008-3 

 
Hu, X., Cheng, Z., Sun, Z., and Zhu, H. (2017). Adsorption of Diclofenac and 

Triclosan in Aqueous Solution by Purified Multi-Walled Carbon Nanotubes. 

Pol. J. Environ. Stud., 26(1): 87 95. https://doi.org/10.15244/pjoes/63885 

 
Hu, X., Li, Y., Wang, Y., Li, X., Li, H., Liu, X., and Zhang, P. (2010). Adsorption 

kinetics, thermodynamics and isotherm of thiacalix[4]arene-loaded resin to 

heavy metal ions. Desalination, 259(1): 76 83. 

https://doi.org/10.1016/j.desal.2010.04.032 



 

 
 
 

Huang, C. P., Dong, C., and Tang, Z. (1993). Advanced chemical oxidation: Its present 

role and potential future in hazardous waste treatment. Waste Manage., 13(5): 

361 377. https://doi.org/10.1016/0956-053X(93)90070-D 

 
Huang, D., Li, B., Wu, M., Kuga, S., and Huang, Y. (2018). Graphene Oxide-Based 

Fe Mg (Hydr)oxide Nanocomposite as Heavy Metals Adsorbent. J. Chem. 

Eng. Data, 63(6): 2097 2105. https://doi.org/10.1021/acs.jced.8b00100 

 
Huang, Z.-H., Zheng, X., Lv, W., Wang, M., Yang, Q.-H., and Kang, F. (2011). 

Adsorption of Lead(II) Ions from Aqueous Solution on Low-Temperature 

Exfoliated Graphene Nanosheets. Langmui.r, 27(12): 7558 7562. 

https://doi.org/10.1021/la200606r 

 
Huq, Md. E., Fahad, S., Shao, Z., Sarven, M. S., Khan, I. A., Alam, M., Saeed, M., 

Ullah, H., Adnan, M., Saud, S., Cheng, Q., Ali, S., Wahid, F., Zamin, M., Raza, 

M. A., Saeed, B., Riaz, M., and Khan, W. U. (2020). Arsenic in a groundwater 

environment in Bangladesh: Occurrence and mobilization. J. Environ. 

Manage., 262: 110318. https://doi.org/10.1016/j.jenvman.2020.110318 

 
 

IARC (1982) IARC Monographs on the Evaluation of the Carcinogenic Risk of 

Chemicals to Humans, Suppl. 4, Chemicals, Industrial Processes and 

Industries Associated with Cancer in Humans. IARC Monographs Volumes 1 

to 29, Lyon, pp. 91 93. 

 
 

Iiu, Y., Lv, J., Jin, W., and Zhao, Y. (2016a). Defluoridation by rice spike-like 

akaganeite anchored graphene oxide. RSC Adv., 6(14): 11240 11249. 

https://doi.org/10.1039/C5RA24565F 

 
Jabeen, H., Chandra, V., Jung, S., Lee, J. W., Kim, K. S., and Kim, S. B. (2011). 

Enhanced Cr(VI) removal using iron nanoparticle decorated graphene. 

Nanoscale, 3(9): 3583 3585. https://doi.org/10.1039/C1NR10549C 



 

 
 
 

Jabeen, H., Kemp, K. C., and Chandra, V. (2013). Synthesis of nano zerovalent iron 

nanoparticles  Graphene composite for the treatment of lead contaminated 

water. J. Environ. Manage., 130: 429 435. 

https://doi.org/10.1016/j.jenvman.2013.08.022 

 
 

Jadhav, S. V., Bringas, E., Yadav, G. D., Rathod, V. K., Ortiz, I., and Marathe, K. V. 

(2015). Arsenic and fluoride contaminated groundwaters: A review of current 

technologies for contaminants removal. J. Environ. Manage., 162: 306 325. 

https://doi.org/10.1016/j.jenvman.2015.07.020 

 
Jauris, I. M., Matos, C. F., Saucier, C., Lima, E. C., Zarbin, A. J. G., Fagan, S. B., 

Machado, F. M., and Zanella, I. (2016). Adsorption of sodium diclofenac on 

graphene: A combined experimental and theoretical study. Phys. Chem. Chem. 

Phys., 18(3): 1526 1536. https://doi.org/10.1039/C5CP05940B 

 
Jia, Y., Xu, L., Wang, X., and Demopoulos, G. P. (2007). Infrared spectroscopic and 

X-ray diffraction characterization of the nature of adsorbed arsenate on 

ferrihydrite. Geochim. Cosmochim. Acta., 71(7): 1643 1654. 

https://doi.org/10.1016/j.gca.2006.12.021 

 
JMP (2017). Joint Monitoring Programme for Water Supply, Sanitation and Hygiene . 

ANNUAL REPORT WHO/UNICEF 
 
 

Johnson, A. C., and Sumpter, J. P. (2001). Removal of Endocrine-Disrupting 

Chemicals in Activated Sludge Treatment Works. Environ. Sci. Technol., 

35(24): 4697 4703. https://doi.org/10.1021/es010171j 

 
Johnston, R. B., Berg, M., Johnson, C. A., Tilley, E., & Hering, J. G. (2011). Water and 

Sanitation in Developing Countries: Geochemical Aspects of Quality and 

Treatment. Elements, 7(3), 163 168. 

https://doi.org/10.2113/gselements.7.3.163 



 

 
 
 

Junyong, C., Yongmei, H., Yan, L., and Jiajia, G. (2013). Magnetic graphene oxides as 

highly effective adsorbents for rapid removal of a cationic dye rhodamine B 

from aqueous solutions. RSC Adv., 3(20): 7254. 

https://doi.org/10.1039/c3ra22599b 

 
 

system evaluated using selected spirometry parameters in persons 

occupationally exposed to lead without evident health problems. Environ. 

Toxicol. Pharmacol., 39(3): 1034 1040. 

https://doi.org/10.1016/j.etap.2015.03.009 

 
Kadirvelu, K., Karthika, C., Vennilamani, N., and Pattabhi, S. (2005). Activated carbon 

from industrial solid waste as an adsorbent for the removal of Rhodamine-B 

from aqueous solution: Kinetic and equilibrium studies. Chemosphere, 60(8): 

1009 1017. https://doi.org/10.1016/j.chemosphere.2005.01.047 

 
Kahsay, M. H., Belachew, N., Tadesse, A., and Basavaiah, K. (2020). Magnetite 

nanoparticle decorated reduced graphene oxide for adsorptive removal of 

crystal violet and antifungal activities. RSC Adv., 10(57): 34916 34927. 

https://doi.org/10.1039/D0RA07061 

 
Kamble, S. P., Dixit, P., Rayalu, S. S., and Labhsetwar, N. K. (2009). Defluoridation 

of drinking water using chemically modified bentonite clay. Desalination, 

249(2): 687 693. https://doi.org/10.1016/j.desal.2009.01.031 

 
 

Kameda, T., Oba, J., and Yoshioka, T. (2015). Recyclable Mg Al layered double 

hydroxides for fluoride removal: Kinetic and equilibrium studies. J. Hazard. 

Mater., 300: 475 482. https://doi.org/10.1016/j.jhazmat.2015.07.023 

 
Kang, B. K., Lim, B. S., Yoon, Y., Kwag, S. H., Park, W. K., Song, Y. H., Yang, W. S., 

Ahn, Y.-T., Kang, J.-W., and Yoon, D. H. (2017). Efficient removal of arsenic 



 

 
by strategically designed and layer-by-layer assembled 

PS@+rGO@GO@Fe3O4 composites. J. Environ. Manage., 201: 286 293. 

https://doi.org/10.1016/j.jenvman.2017.05.066 

 
 

Kanrar, S., Debnath, S., De, P., Parashar, K., Pillay, K., Sasikumar, P., and Ghosh, U. 

C. (2016b). Preparation, characterization and evaluation of fluoride adsorption 

efficiency from water of iron-aluminium oxide-graphene oxide composite 

material. J. Chem. Eng., 306: 269 279. 

https://doi.org/10.1016/j.cej.2016.07.037 

 
Karimi-Maleh, H., Shafieizadeh, M., Taher, M. A., Opoku, F., Kiarii, E. M., Govender, 

P. P., Ranjbari, S., Rezapour, M., and Orooji, Y. (2020). The role of 

magnetite/graphene oxide nano-composite as a high-efficiency adsorbent for 

removal of phenazopyridine residues from water samples, an 

experimental/theoretical investigation. J. Mol. Liq., 298: 112040. 

https://doi.org/10.1016/j.molliq.2019.112040 

 
Katsoyiannis, I. A., and Zouboulis, A. I. (2006). Comparative Evaluation of 

Conventional and Alternative Methods for the Removal of Arsenic from 

Contaminated Groundwaters. Rev. Environ. Health., 21(1): 

https://doi.org/10.1515/REVEH.2006.21.1.25 

 
Khan, S., Achazhiyath Edathil, A., and Banat, F. (2019). Sustainable synthesis of 

graphene-based adsorbent using date syrup. Sci Rep., 9(1): 18106. 

https://doi.org/10.1038/s41598-019-54597-x 

 
Khan, T. A., Nazir, M., and Khan, E. A. (2013). Adsorptive removal of rhodamine B 

from textile wastewater using water chestnut (Trapa natans L.) peel: 

Adsorption dynamics and kinetic studies. Toxicol. Environ. Chem., 95(6): 919  

931. https://doi.org/10.1080/02772248.2013.840369 



 

 
Khan, T. A., Sharma, S., and Ali, I. (n.d.). Adsorption of Rhodamine B dye from 

aqueous solution onto acid activated mango (Magnifera indica) leaf powder: 

Equilibrium, kinetic and thermodynamic studies. 

 
Kimambo, V., Bhattacharya, P., Mtalo, F., Mtamba, J., and Ahmad, A. (2019). Fluoride 

occurrence in groundwater systems at global scale and status of defluoridation 

 State of the art. Groundwater for Sustainable Development, 9: 100223. 

https://doi.org/10.1016/j.gsd.2019.100223 

 
King, W. G., Rodriguez, J. M., and Wai, C. M. (1974). Losses of trace concentrations 

of cadmium from aqueous solution during storage in glass containers. Anal. 

Chem., 46(6): 771 773. https://doi.org/10.1021/ac60342a024 

 
Knepper, T. P. (2003). Synthetic chelating agents and compounds exhibiting 

complexing properties in the aquatic environment. Trends Analyt. Chem., 

10(22): 708 724. https://doi.org/10.1016/S0165-9936(03)01008-2 

 
Konta, J. (1995). Clay and man: Clay raw materials in the service of man. Appl. Clay 

Sci., 10(4): 275 335. https://doi.org/10.1016/0169-1317(95)00029-4 

 
Kooh, M. R. R., Dahri, M. K., and Lim, L. B. L. (2016). The removal of rhodamine B 

dye from aqueous solution using Casuarina equisetifolia needles as adsorbent. 

Cogent Environ. Sci., 2(1): 1140553. 

https://doi.org/10.1080/23311843.2016.1140553 
 
 

Kosnett, M. J., Wedeen, R. P., Rothenberg, S. J., Hipkins, K. L., Materna, B. L., 

Schwartz, B. S., Hu, H., and Woolf, A. (2007). Recommendations for Medical 

Management of Adult Lead Exposure. Environ. Health Perspect., 115(3): 463  

471. https://doi.org/10.1289/ehp.9784 

 
Krzmarzick, M. J., and Novak, P. J. (2014). Removal of chlorinated organic 

compounds during wastewater treatment: Achievements and limits. Appl. 



 

 
Microbiol. Biotechnol., 98(14): 6233 6242. https://doi.org/10.1007/s00253- 

014-5800-x 

 
Kumar, A. S. K., and Jiang, S.-J. (2016). Chitosan-functionalized graphene oxide: A 

novel adsorbent an efficient adsorption of arsenic from aqueous solution. J. 

Environ. Chem. Eng., 4(2): 1698 1713. 

https://doi.org/10.1016/j.jece.2016.02.035 

 
Kumar, V., Kim, K.-H., Park, J.-W., Hong, J., and Kumar, S. (2017). Graphene and its 

nanocomposites as a platform for environmental applications. J. Chem. Eng., 

315: 210 232. https://doi.org/10.1016/j.cej.2017.01.008 

 
Lalchhingpuii, Tiwari, D., Lalhmunsiama, and Lee, S. M. (2017a). Chitosan templated 

synthesis of mesoporous silica and its application in the treatment of aqueous 

solutions contaminated with cadmium(II) and lead(II). J. Chem. Eng., 328: 

434 444. https://doi.org/10.1016/j.cej.2017.07.053 

 
Lalhmunsiama, L., Ngainunsiami, N., Kim, D.-J., and Tiwari, D. (2021). Graphene 

based advanced materials in the remediation of aquatic environment 

contaminated with fluoride: Newer insights and applicability. Chem. Eng. 

Process.:Process Intensif, 165: 108428. 

https://doi.org/10.1016/j.cep.2021.108428 
 
 

Lalhmunsiama, L., Tiwari, D., and Lee, S. (2012a). Activated carbon and manganese 

coated activated carbon precursor to dead biomass in the remediation of arsenic 

contaminated water. Environ. Eng. Res., 17: 41 48. 

https://doi.org/10.4491/eer.2012.17.S1.S41 

 
Lalhmunsiama, Lalchhingpuii, Nautiyal, B. P., Tiwari, D., Choi, S. I., Kong, S.-H., and 

Lee, S.-M. (2016a). Silane grafted chitosan for the efficient remediation of 

aquatic environment contaminated with arsenic(V). J. Colloid Interface Sci., 

467: 203 212. https://doi.org/10.1016/j.jcis.2016.01.019 



 

 
 
 

Lalhmunsiama, Lee, S. M., and Tiwari, D. (2013). Manganese oxide immobilized 

activated carbons in the remediation of aqueous wastes contaminated with 

copper(II) and lead(II). J. Chem. Eng. 225: 128 137. 

https://doi.org/10.1016/j.cej.2013.03.083 

 
Lalhmunsiama, Lee, S.-M., Lalchhingpuii, and Tiwari, D. (2016). Functionalized 

hybrid material precursor to chitosan in the efficient remediation of aqueous 

solutions contaminated with As(V). J. Environ. Chem. Eng., 4(2): 1537 1544. 

https://doi.org/10.1016/j.jece.2016.02.015 

 
Lata, S., and Samadder, S. R. (2016). Removal of arsenic from water using nano 

adsorbents and challenges: A review. J. Environ. Manage., 166: 387 406. 

https://doi.org/10.1016/j.jenvman.2015.10.039 

 
Lee, S. M., Lalchhingpuii, Lalhmunsiama, and Tiwari, D. (2016a). Synthesis of 

functionalized biomaterials and its application in the efficient remediation of 

aquatic environment contaminated with Cr(VI). J. Chem. Eng., 296: 35 44. 

https://doi.org/10.1016/j.cej.2016.03.077 

 
Lee, S. M., Lalhmunsiama, Thanhmingliana, and Tiwari, D. (2015). Porous hybrid 

materials in the remediation of water contaminated with As(III) and As(V). J. 

Chem. Eng., 270: 496 507. https://doi.org/10.1016/j.cej.2015.02.053 

 
Lee, S. M., and Tiwari, D. (2012). Organo and inorgano-organo-modified clays in the 

remediation of aqueous solutions: An overview. Appl. Clay Sci., 59 60: 84  

102. https://doi.org/10.1016/j.clay.2012.02.006 

 
Lee, S.-M., Kim, W.-G., Laldawngliana, C., and Tiwari, D. (2010). Removal Behavior 

of Surface Modified Sand for Cd(II) and Cr(VI) from Aqueous Solutions. J. 

Chem Eng. Data., 55(9): 3089 3094. https://doi.org/10.1021/je901094h 



 

 
Li, J., Hu, J., Sheng, G., Zhao, G., and Huang, Q. (2009). Effect of pH, ionic strength, 

foreign ions and temperature on the adsorption of Cu(II) from aqueous solution 

to GMZ bentonite. Colloids Surf A: Physicochem. Eng. Asp., 349(1): 195 201. 

https://doi.org/10.1016/j.colsurfa.2009.08.018 

 
Li, Y., Du, Q., Wang, J., Liu, T., Sun, J., Wang, Y., Wang, Z., Xia, Y., and Xia, L. (2013). 

Defluoridation from aqueous solution by manganese oxide coated graphene 

oxide. J. Fluor. Chem., 148: 67 73. 

https://doi.org/10.1016/j.jfluchem.2013.01.028 

 
Li, Y., Zhang, F.-S., & Xiu, F.-R. (2009). Arsenic (V) removal from aqueous system 

using adsorbent developed from a high iron-containing fly ash. The Science of 

the Total Environment, 407(21), 5780 5786. 

https://doi.org/10.1016/j.scitotenv.2009.07.017 

 
Li, Y.-H., Wang, S., Wei, J., Zhang, X., Xu, C., Luan, Z., Wu, D., and Wei, B. (2002). 

Lead adsorption on carbon nanotubes. Chem. Phys. Lett., 357(3 4): 263 266. 

https://doi.org/10.1016/S0009-2614(02)00502-X 

 
Ling Tan, T., A/P Krusnamurthy, P., Nakajima, H., and Abdul Rashid, S. (2020). 

Adsorptive, kinetics and regeneration studies of fluoride removal from water 

using zirconium-based metal organic frameworks. RSC Adv., 10(32)., 18740  

18752. https://doi.org/10.1039/D0RA01268H 

 
Liu, C.-H., Chuang, Y.-H., Chen, T.-Y., Tian, Y., Li, H., Wang, M.-K., and Zhang, W. 

(2015). Mechanism of Arsenic Adsorption on Magnetite Nanoparticles from 

Water: Thermodynamic and Spectroscopic Studies. Environ. Sci. Technol., 

49(13), 7726 7734. https://doi.org/10.1021/acs.est.5b00381 

 
Liu, L., Zhang, Y., He, Y., Xie, Y., Huang, L., Tan, S., and Cai, X. (2015). Preparation 

of montmorillonite-pillared graphene oxide with increased single- and co- 



 

 
adsorption towards lead ions and methylene blue. RSC Adv., 5(6): 3965 3973. 

https://doi.org/10.1039/C4RA13008A 

 
Liu, S., Zeng, T. H., Hofmann, M., Burcombe, E., Wei, J., Jiang, R., Kong, J., and 

Chen, Y. (2011). Antibacterial Activity of Graphite, Graphite Oxide, Graphene 

Oxide, and Reduced Graphene Oxide: Membrane and Oxidative Stress. ACS 

Nano, 5(9): 6971 6980. https://doi.org/10.1021/nn202451x 

 
Liu, Z., Kanjo, Y., and Mizutani, S. (2009). Removal mechanisms for endocrine 

disrupting compounds (EDCs) in wastewater treatment  physical means, 

biodegradation, and chemical advanced oxidation: A review. Sci. Total 

Environ., 407(2): 731 748. https://doi.org/10.1016/j.scitotenv.2008.08.039 

 
Lonappan, L., Brar, S. K., Das, R. K., Verma, M., and Surampalli, R. Y. (2016). 

Diclofenac and its transformation products: Environmental occurrence and 

toxicity - A review. Environ. Int., 96: 127 138. 

https://doi.org/10.1016/j.envint.2016.09.014 

 
Lonappan, L., Pulicharla, R., Rouissi, T., Brar, S. K., Verma, M., Surampalli, R. Y., 

and Valero, J. R. (2016). Diclofenac in municipal wastewater treatment plant: 

Quantification using laser diode thermal desorption atmospheric pressure 

chemical ionization tandem mass spectrometry approach in comparison with 

an established liquid chromatography-electrospray ionization tandem mass 

spectrometry method. J. Chromatogr. A, 1433: 106 113. 

https://doi.org/10.1016/j.chroma.2016.01.030 

 
Lonappan, L., Rouissi, T., Kaur Brar, S., Verma, M., and Surampalli, R. Y. (2018). An 

insight into the adsorption of diclofenac on different biochars: Mechanisms, 

surface chemistry, and thermodynamics. Bioresour Technol., 249: 386 394. 

https://doi.org/10.1016/j.biortech.2017.10.039 



 

 
Luo, X., Wang, C., Wang, L., Deng, F., Luo, S., Tu, X., and Au, C. (2013). 

Nanocomposites of graphene oxide-hydrated zirconium oxide for simultaneous 

removal of As(III) and As(V) from water. J.Chem. Eng., 220: 98 106. 

https://doi.org/10.1016/j.cej.2013.01.017 

 
Lv, L., Hor, M. P., Su, F., and Zhao, X. S. (2005). Competitive adsorption of Pb2+, 

Cu2+, and Cd2+ ions on microporous titanosilicate ETS-10. J. Colloid 

Interface Sci., 287(1): 178 184. https://doi.org/10.1016/j.jcis.2005.01.073 

 
Mahdavinia, G. R., and Mosallanezhad, A. (2016). Facile and green rout to prepare 

magnetic and chitosan-crosslinked -carrageenan bionanocomposites for 

removal of methylene blue. J. Water Process. Eng., 10: 143 155. 

https://doi.org/10.1016/j.jwpe.2016.02.010 

 
Mahdi, C., Pratama, C. A., and Pratiwi, H. (2019). Preventive Study Garlic Extract 

Water (Allium sativum) Toward SGPT, SGOT, and the Description of Liver 

Histopathology on Rat (Rattus norvegicus), which were exposed by 

Rhodamine B. IOP Conf. Ser.: Mater. Sci. Eng., 546(6): 062015. 

https://doi.org/10.1088/1757-899X/546/6/062015 

 
Maiti, A., Basu, J. K., and De, S. (2011). Chemical treated laterite as promising 

fluoride adsorbent for aqueous system and kinetic modeling. Desalination., 

265(1 3): 28 36. https://doi.org/10.1016/j.desal.2010.07.026 

 
Malek, A., and Farooq, S. (1996). Comparison of isotherm models for hydrocarbon 

adsorption on activated carbon. AIChE J., 42(11): 3191 3201. 

https://doi.org/10.1002/aic.690421120 

 
Mandal, B. K., and Suzuki, K. T. (2002). Arsenic round the world: A review. Talanta, 

58(1): 201 235. https://doi.org/10.1016/S0039-9140(02)00268-0 



 

 
Mao, N., Huang, L., and Shuai, Q. (2019). Facile Synthesis of Porous Carbon for the 

Removal of Diclofenac Sodium from Water. ACS Omega, 4(12): 15051 15060. 

https://doi.org/10.1021/acsomega.9b01838 

 
Marcano, D. C., Kosynkin, D. V., Berlin, J. M., Sinitskii, A., Sun, Z., Slesarev, A., 

Alemany, L. B., Lu, W., and Tour, J. M. (2010). Improved Synthesis of 

Graphene Oxide. ACS Nano, 4(8): 4806 4814. 

https://doi.org/10.1021/nn1006368 

 
Marin, P., Módenes, A. N., Bergamasco, R., Paraíso, P. R., and Hamoudi, S. (2016). 

Synthesis, Characterization and Application of ZrCl4-Graphene Composite 

Supported on Activated Carbon for Efficient Removal of Fluoride to Obtain 

Drinking Wat. Air, and Soil Poll., 227(12): 479. 

https://doi.org/10.1007/s11270-016-3188-1 

 
Mbayachi, V. B., Ndayiragije, E., Sammani, T., Taj, S., Mbuta, E. R., and khan, A. 

ullah. (2021). Graphene synthesis, characterization and its applications: A 

review. Results Chem., 3: 100163. 

https://doi.org/10.1016/j.rechem.2021.100163 
 
 

McArthur, J. M. (2019). Arsenic in Groundwater. In P. K. Sikdar (Ed.), Groundwater 

Development and Management (279 308). Springer International Publishing. 

https://doi.org/10.1007/978-3-319-75115-3_12 

 
McGrail, B. T., Rodier, B. J., and Pentzer, E. (2014). Rapid Functionalization of 

Graphene Oxide in Water. Chem. Mater., 26(19): 5806 5811. 

https://doi.org/10.1021/cm5031409 

 
Meenakshi, S., Sundaram, C. S., and Sukumar, R. (2008). Enhanced fluoride sorption 

by mechanochemically activated kaolinites. J. Hazard. Mater., 153(1 2): 164  

172. https://doi.org/10.1016/j.jhazmat.2007.08.031 



 

 
Mekatel, E. H., Amokrane, S., Aid, A., Nibou, D., and Trari, M. (2015). Adsorption of 

methyl orange on nanoparticles of a synthetic zeolite NaA/CuO. C R Chim., 

18(3): 336 344. https://doi.org/10.1016/j.crci.2014.09.009 

 
Meloun, M., Bordovská, S., and Galla, L. (2007). The thermodynamic dissociation 

constants of four non-steroidal anti-inflammatory drugs by the least-squares 

nonlinear regression of multiwavelength spectrophotometric pH-titration data. 

J. Pharm. Biomed. Anal., 45(4): 552 564. 

https://doi.org/10.1016/j.jpba.2007.07.029 

 
Miniero, R., and Iamiceli, A. L. (2008). Persistent Organic Pollutants. In Encyclopedia 

of Ecology (2672 2682). Elsevier. https://doi.org/10.1016/B978-008045405- 

4.00421-3 

 
Miretzky, P., and Cirelli, A. F. (2011). Fluoride removal from water by chitosan 

derivatives and composites: A review. J. Fluor. Chem., 132(4): 231 240. 

https://doi.org/10.1016/j.jfluchem.2011.02.001 

 
Mkhoyan, K. A., Contryman, A. W., Silcox, J., Stewart, D. A., Eda, G., Mattevi, C., 

Miller, S., and Chhowalla, M. (2009). Atomic and Electronic Structure of 

Graphene-Oxide. Nano Lett., 9(3): 1058 1063. 

https://doi.org/10.1021/nl8034256 

 
Mnasri-Ghnimi, S., and Frini-Srasra, N. (2019). Removal of heavy metals from 

aqueous solutions by adsorption using single and mixed pillared clays. Appl. 

Clay Sci., 179: 105151. https://doi.org/10.1016/j.clay.2019.105151 

 
Mobarak, M., Selim, A. Q., Mohamed, E. A., and Seliem, M. K. (2018). Modification 

of organic matter-rich clay by a solution of cationic surfactant/H2O2: A new 

product for fluoride adsorption from solutions. J. Clean. Prod., 192: 712 721. 

https://doi.org/10.1016/j.jclepro.2018.05.044 



 

 
Mohan, S. V., and Karthikeyan, J. (1997). Removal of lignin and tannin colour from 

aqueous solution by adsorption onto activated charcoal. Environ Pollut., 97(1  

2): 183 187. https://doi.org/10.1016/S0269-7491(97)00025-0 

 
 

Removal of lead(II) ions from aqueous solutions by adsorption onto pine cone 

activated carbon. Desalination, 276(1): 53 59. 

https://doi.org/10.1016/j.desal.2011.03.013 

 
Montalvo, S., Cahn, I., Borja, R., Huiliñir, C., and Guerrero, L. (2017). Use of solid 

residue from thermal power plant (fly ash) for enhancing sewage sludge 

anaerobic digestion: Influence of fly ash particle size. Bioresour. Technol, 244: 

416 422. https://doi.org/10.1016/j.biortech.2017.07.159 

 
Moore, M. R. (1977). Lead in drinking water in soft water areas Health hazards. Sci. 

Total Environ., 7(2): 109 115. https://doi.org/10.1016/0048-9697(77)90002-X 

 
Nabbou, N., Belhachemi, M., Boumelik, M., Merzougui, T., Lahcene, D., Harek, Y., 

Zorpas, A. A., and Jeguirim, M. (2019). Removal of fluoride from groundwater 

using natural clay (kaolinite): Optimization of adsorption conditions. C R 

Chim., 22(2 3): 105 112. https://doi.org/10.1016/j.crci.2018.09.010 

 
Nachman, K. E., Graham, J. P., Price, L. B., and Silbergeld, E. K. (2005). Arsenic: A 

Roadblock to Potential Animal Waste Management Solutions. Environ. Health 

Perspect., 113(9): 1123 1124. https://doi.org/10.1289/ehp.7834 

 
Naghipour, D., Hoseinzadeh, L., Taghavi, K., and Jaafari, J. (2018). Characterization, 

kinetic, thermodynamic and isotherm data for diclofenac removal from 

aqueous solution by activated carbon derived from pine tree. Data Br., 18: 

1082 1087. https://doi.org/10.1016/j.dib.2018.03.068 



 

 
Nam, S.-W., Jung, C., Li, H., Yu, M., Flora, J. R. V., Boateng, L. K., Her, N., Zoh, K.- 

D., and Yoon, Y. (2015). Adsorption characteristics of diclofenac and 

sulfamethoxazole to graphene oxide in aqueous solution. Chemosphere, 136: 

20 26. https://doi.org/10.1016/j.chemosphere.2015.03.061 

 
Neolaka, Y. A. B., Lawa, Y., Naat, J. N., Riwu, A. A. P., Iqbal, M., Darmokoesoemo, 

H., and Kusuma, H. S. (2020). The adsorption of Cr(VI) from water samples 

using graphene oxide-magnetic (GO-Fe3O4) synthesized from natural 

cellulose-based graphite (kusambi wood or Schleichera oleosa): Study of 

kinetics, isotherms and thermodynamics. J. Mater. Res. Technol., 9(3): 6544  

6556. https://doi.org/10.1016/j.jmrt.2020.04.040 

 
Nethravathi, C., Viswanath, B., Shivakumara, C., Mahadevaiah, N., and Rajamathi, 

M. (2008). The production of smectite clay/graphene composites through 

delamination and co-stacking. Carbon, 46(13): 1773 1781. 

https://doi.org/10.1016/j.carbon.2008.07.037 

 
Novoselov, K. S.,  V. I., Colombo, L., Gellert, P. R., Schwab, M. G., and Kim, 

K. (2012). A roadmap for graphene. Nature, 490(7419): Article 7419. 

https://doi.org/10.1038/nature11458 

 
Nriagu, J. O. (1994). Arsenic in the environment. Part I: Cycling and characterization. 

https://www.osti.gov/etdeweb/biblio/37811 

 
Oaks, J. L., Gilbert, M., Virani, M. Z., Watson, R. T., Meteyer, C. U., Rideout, B. A., 

Shivaprasad, H. L., Ahmed, S., Iqbal Chaudhry, M. J., Arshad, M., Mahmood, 

S., Ali, A., and Ahmed Khan, A. (2004). Diclofenac residues as the cause of 

vulture population decline in Pakistan. Nature, 427(6975): Article 6975. 

https://doi.org/10.1038/nature02317 

 
Pan, L., Zhai, G., Yang, X., Yu, H., and Cheng, C. (2019). Thermosensitive Microgels- 

Decorated Magnetic Graphene Oxides for Specific Recognition and 



 

 
Adsorption of Pb(II) from Aqueous Solution. ACS Omega, 4(2): 3933 3945. 

https://doi.org/10.1021/acsomega.8b03539 

 
Pandi, K., and Viswanathan, N. (2016). A facile synthesis of metal ion-imprinted 

graphene oxide/alginate hybrid biopolymeric beads for enhanced fluoride 

sorption. RSC Adv., 6(79): 75905 75915. 

https://doi.org/10.1039/C6RA11713A 
 
 

Peng, W., Li, H., Liu, Y., and Song, S. (2017). Areview on heavy metal ions adsorption 

from water by graphene oxide and its composites. J. Mol. Liq., 230: 496 504. 

https://doi.org/10.1016/j.molliq.2017.01.064 

 
Pérez-Estrada, L. A., Malato, S., Gernjak, W., Agüera, A., Thurman, E. M., Ferrer, I., 

and Fernández-Alba, A. R. (2005). Photo-Fenton Degradation of Diclofenac: 

Identification of Main Intermediates and Degradation Pathway. Environ. Sci. 

Technol., 39(21): 8300 8306. https://doi.org/10.1021/es050794n 

 
Petrovic, M. (2003). Analysis and removal of emerging contaminants in wastewater 

and drinking water. TrAC Trend Anal. Chem., 22(10): 685 696. 

https://doi.org/10.1016/S0165-9936(03)01105-1 

 
Pinto, S. S., and Mcgill, C. M. (1953). Arsenic Trioxide Exposure in Industry. Indust. 

M. Surg., 22(7): 281 287. 
 
 

Poursaberi, T., Ganjali, M. R., and Hassanisadi, M. (2012). A novel fluoride-selective 

electrode based on metalloporphyrin grafted-grapheneoxide. Talanta, 101: 

128 134. https://doi.org/10.1016/j.talanta.2012.08.039 

 
Prasad, M. N. V. (n.d.). Phytoremediation of Metals and Radionuclides in the 

Environment: The Case for Natural Hyperaccumulators, Metal Transporters, 

Soil-Amending Chelators and Transgenic Plants. In Heavy Metal Stress in 

Plants. https://doi.org/10.1007/978-3-662-07743-6_14 



 

 
 
 

Ptaszkowska-Koniarz, M., Goscianska, J., and Pietrzak, R. (2018). Removal of 

rhodamine B from water by modified carbon xerogels. Colloids Surf. A 

Physicochem. Eng. Asp., 543: 109 117. 

https://doi.org/10.1016/j.colsurfa.2018.01.057 

 
Rahman, F. A., Allan, D. L., Rosen, C. J., and Sadowsky, M. J. (2004). Arsenic 

Availability from Chromated Copper Arsenate (CCA)-Treated Wood. J. 

Environ. Qual., 33(1): 173 180. https://doi.org/10.2134/jeq2004.1730 

 
Rahmani, A., Mousavi, H. Z., and Fazli, M. (2010). Effect of nanostructure alumina 

on adsorption of heavy metals. Desalination, 253(1): 94 100. 

https://doi.org/10.1016/j.desal.2009.11.027 

 
Ramdani, A., Taleb, S., Benghalem, A., and Ghaffour, N. (2010). Removal of excess 

fluoride ions from Saharan brackish water by adsorption on natural materials.  

Desalination, 250(1): 408 413. https://doi.org/10.1016/j.desal.2009.09.066 

 
Ramesha, G. K., Vijaya Kumara, A., Muralidhara, H. B., and Sampath, S. (2011). 

Graphene and graphene oxide as effective adsorbents toward anionic and 

cationic dyes. J. Colloid Interface Sci., 361(1): 270 277. 

https://doi.org/10.1016/j.jcis.2011.05.050 

 
Rana, R. S., Singh, P., Kandari, V., Singh, R., Dobhal, R., and Gupta, S. (2017). A 

 

wastewater: An Indian perspective. Appl. Water Sci., 7(1): 1 12. 

https://doi.org/10.1007/s13201-014-0225-3 

 
Rashed, M. N. (2013). Adsorption Technique for the Removal of Organic Pollutants 

from Water and Wastewater. In Organic Pollutants Monitoring, Risk and 

Treatment. IntechOpen. https://doi.org/10.5772/54048 



 

 
Ravenscroft, P. (2007). Predicting the global extent of arsenic pollution of groundwater 

and its potential impact on human health. UNICEF Rep., 1 35. 

 
Ren, X., Chen, C., Nagatsu, M., and Wang, X. (2011). Carbon nanotubes as adsorbents 

in environmental pollution management: A review. J. Chem. Eng., 170(2 3): 

395 410. https://doi.org/10.1016/j.cej.2010.08.045 

 
Repo, E., Mäkinen, M., Rengaraj, S., Natarajan, G., Bhatnagar, A., and Sillanpää, M. 

(2012). Lepidocrocite and its heat-treated forms as effective arsenic adsorbents 

in aqueous medium. J. Chem. Eng,, 180: 159 169. 

https://doi.org/10.1016/j.cej.2011.11.030 

 
Repo, E., Warchol, J. K., Kurniawan, T. A., and Sillanpää, M. E. T. (2010). Adsorption 

of Co(II) and Ni(II) by EDTA- and/or DTPA-modified chitosan: Kinetic and 

equilibrium modeling. J. Chem. Eng., 161(1 2): 73 82. 

https://doi.org/10.1016/j.cej.2010.04.030 

 
Rieuwerts, J. (2017). The Elements of Environmental Pollution (1st ed.). Routledge. 

https://doi.org/10.4324/9780203798690 

 
Robertson, F. N. (1989). Arsenic in ground-water under oxidizing conditions, south- 

west United States. Environ Geochem Health, 11(3 4): 171 185. 

https://doi.org/10.1007/BF01758668 

 
Roy, A., Queirolo, E., Peregalli, F., Mañay, N., Martínez, G., and Kordas, K. (2015). 

Association of blood lead levels with urinary F2-  isoprostane and 8- 

hydroxy-2-deoxy-guanosine concentrations in first-grade Uruguayan children. 

Environ. Res., 140: 127 135. https://doi.org/10.1016/j.envres.2015.03.001 

 
Saha, R., Nandi, R., and Saha, B. (2011). Sources and toxicity of hexavalent 

chromium. J. Coord. Chem., 64(10): 1782 1806. 

https://doi.org/10.1080/00958972.2011.583646 



 

 
Sahoo, S. Ku., and Hota, G. (2018a). Surface functionalization of GO with 

MgO/MgFe2O4 binary oxides: A novel magnetic nanoadsorbent for removal 

of fluoride ions. J. Environ. Chem. Eng., 6(2): 2918 2931. 

https://doi.org/10.1016/j.jece.2018.04.054 

 
Sahoo, T. R., and Prelot, B. (2020). Adsorption processes for the removal of 

contaminants from wastewater. In Nanomaterials for the Detection and 

Removal of Wastewater Pollutants (161 222). Elsevier. 

https://doi.org/10.1016/B978-0-12-818489-9.00007-4 

 
Sankararamakrishnan, N., Dixit, A., Iyengar, L., and Sanghi, R. (2006). Removal of 

hexavalent chromium using a novel cross linked xanthated chitosan. Bioresour. 

Technol., 97(18): 2377 2382. https://doi.org/10.1016/j.biortech.2005.10.024 

 
Saravanan, M., Karthika, S., Malarvizhi, A., and Ramesh, M. (2011). Ecotoxicological 

impacts of clofibric acid and diclofenac in common carp (Cyprinus carpio) 

fingerlings: Hematological, biochemical, ionoregulatory and enzymological 

responses. J. Hazard. Mater., 195: 188 194. 

https://doi.org/10.1016/j.jhazmat.2011.08.029 

 
Sarkar, M., Banerjee, A., Pramanick, P. P., and Sarkar, A. R. (2006). Use of laterite for 

the removal of fluoride from contaminated drinking water. J. Colloid Interface 

Sci., 302(2): 432 441. https://doi.org/10.1016/j.jcis.2006.07.001 

 
Scheidegger, A. M., Sparks, D. L., and Fendorf, M. (1996). Mechanisms of Nickel 

Sorption on Pyrophyllite: Macroscopic and Microscopic Approaches. Soil Sci 

Soc Am J., 60(6): 1763 1772. 

https://doi.org/10.2136/sssaj1996.03615995006000060022x 
 
 

Scheurell, M., Franke, S., Shah, R. M., and Hühnerfuss, H. (2009). Occurrence of 

diclofenac and its metabolites in surface water and effluent samples from 

Karachi, Pakistan. Chemosphere, 77(6): 870 876. 

https://doi.org/10.1016/j.chemosphere.2009.07.066 



 

 
Selomulya, C., Meeyoo, V., and Amal, R. (1999). Mechanisms of Cr(VI) removal from 

water by various types of activated carbons. J. Chem. Technol. Biotechnol., 

74(2): 111 122. https://doi.org/10.1002/(SICI)1097- 

4660(199902)74:2<111::AID-JCTB990>3.0.CO;2-D 
 
 

Selvam, S., Antony Ravindran, A., Venkatramanan, S., and Singaraja, C. (2017). 

Assessment of heavy metal and bacterial pollution in coastal aquifers from 

SIPCOT industrial zones, Gulf of Mannar, South Coast of Tamil Nadu, India. 

Appl. Water Sci., 7(2): 897 913. https://doi.org/10.1007/s13201-015-0301-3 

 
Shah, J., Rasul, Md. M., Haq, A., and Khan, Y. (2013). Removal of Rhodamine B from 

aqueous solutions and wastewater by walnut shells: Kinetics, equilibrium and 

thermodynamics studies. Front. Chem. Sci. Eng., 7: 428 436. 

https://doi.org/10.1007/s11705-013-1358-x 

 
Shaji, E., Santosh, M., Sarath, K. V., Prakash, P., Deepchand, V., and Divya, B. V. 

(2021). Arsenic contamination of groundwater: A global synopsis with focus 

on the Indian Peninsula. Geosci. Front., 12(3): 101079. 

https://doi.org/10.1016/j.gsf.2020.08.015 

 
Shan, H., Liu, Y., Zeng, C., Peng, S., and Zhan, H. (2022). On As(III) Adsorption 

Characteristics of Innovative Magnetite Graphene Oxide Chitosan 

Microsphere. Materials, 15(20): Article 20. 

https://doi.org/10.3390/ma15207156 
 
 

Sharifian, S., Tabrizi, F. F., and Sardarian, A. R. (2022). Efficient adsorptive removal 

of diclofenac sodium by acidified MIL101(Cr): Optimizing the content of 

phosphotungstic acid (PTA), Flow loop thin film slurry flat plate reactor, 

Kinetic, thermodynamic and recycling studies. In Review. 

https://doi.org/10.21203/rs.3.rs-1982409/v1 



 

 
Shen, J., Zhu, Y., Yang, X., and Li, C. (2012). Graphene quantum dots: Emergent 

nanolights for bioimaging, sensors, catalysis and photovoltaic devices. Chem 

Comm., 48(31): 3686. https://doi.org/10.1039/c2cc00110a 

 
Shen, K., and Gondal, M. A. (2017). Removal of hazardous Rhodamine dye from water 

by adsorption onto exhausted coffee ground. J. Saudi Chem Soc., 21: S120  

S127. https://doi.org/10.1016/j.jscs.2013.11.005 

 
Sheng, G., Li, Y., Yang, X., Ren, X., Yang, S., Hu, J., and Wang, X. (2012). Efficient 

removal of arsenate by versatile magnetic graphene oxide composites. RSC 

Adv., 2(32): 12400. https://doi.org/10.1039/c2ra21623j 

 
Silva, C. P., Otero, M., and Esteves, V. (2012). Processes for the elimination of 

estrogenic steroid hormones from water: A review. Environ Pollut., 165: 38  

58. https://doi.org/10.1016/j.envpol.2012.02.002 

 
Sokol, R. Z., and Berman, N. (1991). The effect of age of exposure on lead-induced 

testicular toxicity. Toxicology, 69(3): 269 278. https://doi.org/10.1016/0300- 

483X(91)90186-5 

 
Adsorption 

characteristics of lead(II) ions onto the clay/poly(methoxyethyl)acrylamide 

(PMEA) composite from aqueous solutions. Desalination, 223(1 3): 308 322. 

https://doi.org/10.1016/j.desal.2007.01.221 

 
Soni, R., Bhardwaj, S., and Shukla, D. P. (2020). Various water-treatment technologies 

for inorganic contaminants: Current status and future aspects. In Inorganic 

Pollutants in Water (273 295). Elsevier. https://doi.org/10.1016/B978-0-12- 

818965-8.00014-7 

 
Srivastava, S. K., Tyagi, R., Pant, N., and Pal, N. (1989). Studies on the removal of 

some toxic metal ions. Part II (removal of lead and cadmium by 



 

 
montmorillonite and kaolinite). Environ. Technol. Lett., 10(3): 275 282. 

https://doi.org/10.1080/09593338909384742 

 
 

Su, H., Ye, Z., and Hmidi, N. (2017). High-performance iron oxide graphene oxide 

nanocomposite adsorbents for arsenic removal. Colloids Surf A: Physicochem. 

Eng. Asp., 522: 161 172. https://doi.org/10.1016/j.colsurfa.2017.02.065 

 
Suc, N. V., and Kim Chi, D. (2017). Removal of rhodamine B from aqueous solution 

via adsorption onto microwave-activated rice husk ash. J. Dispers Sci 

Technol., 38(2): 216 222. https://doi.org/10.1080/01932691.2016.1155153 

 
Sui, Z., Meng, Q., Zhang, X., Ma, R., and Cao, B. (2012). Green synthesis of carbon 

nanotube graphene hybrid aerogels and their use as versatile agents for water 

purification. J. Mater. Chem., 22(18): 8767 8771. 

https://doi.org/10.1039/C2JM00055E 

Sulistina, D. R., and Martini, S. (2020). The effect of Rhodamine B on the cerebellum 

and brainstem tissue of Rattus norvegicus. J Public Health Res., 9(2): 1812. 

https://doi.org/10.4081/jphr.2020.1812 

 
Sun, H., Cao, L., and Lu, L. (2011a). Magnetite/reduced graphene oxide 

nanocomposites: One step solvothermal synthesis and use as a novel platform 

for removal of dye pollutants. Nano Res., 4(6): 550 562. 

https://doi.org/10.1007/s12274-011-0111-3 

 
Swain, S. K., Patnaik, T., Patnaik, P. C., Jha, U., and Dey, R. K. (2013). Development 

of new alginate entrapped Fe(III) Zr(IV) binary mixed oxide for removal of 

fluoride from water bodies. J. Chem. Eng., 215 216: 763 771. 

https://doi.org/10.1016/j.cej.2012.10.098 

 
Swain, S. K., Patnaik, T., Singh, V. K., Jha, U., Patel, R. K., and Dey, R. K. (2011). 

Kinetics, equilibrium and thermodynamic aspects of removal of fluoride from 

drinking water using meso-structured zirconium phosphate. J. Chem. Eng., 

171(3): 1218 1226. https://doi.org/10.1016/j.cej.2011.05.030 



 

 
Tam, N. T. M., Liu, Y., Bashir, H., Yin, Z., He, Y., and Zhou, X. (2020). Efficient 

Removal of Diclofenac from Aqueous Solution by Potassium Ferrate- 

Activated Porous Graphitic Biochar: Ambient Condition Influences and 

Adsorption Mechanism. Int. J. Environ. Res. Public Health., 17(1): 

https://doi.org/10.3390/ijerph17010291 

 
Tang, X.-Z., Li, W., Yu, Z.-Z., Rafiee, M. A., Rafiee, J., Yavari, F., and Koratkar, N. 

(2011). Enhanced thermal stability in graphene oxide covalently functionalized 

with 2-amino-4,6-didodecylamino-1,3,5-triazine. Carbon, 49(4): 1258 1265. 

https://doi.org/10.1016/j.carbon.2010.11.044 

 
Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., and Sutton, D. J. (2012). Heavy Metal 

Toxicity and the Environment. In A. Luch (Ed.), Molecular, Clinical and 

Environmental     Toxicology.,     101: 133 164. Springer Basel. 

https://doi.org/10.1007/978-3-7643-8340-4_6 

 
Tehrani, M. S., Azar, P. A., & Dehaghi, M. (2014). Removal of Lead Ions from Aqueous 

Solution Using Multi-Walled Carbon Nanotubes: The Effect of 

Functionalization. 

 
Thakre, D., Rayalu, S., Kawade, R., Meshram, S., Subrt, J., and Labhsetwar, N. (2010). 

Magnesium incorporated bentonite clay for defluoridation of drinking water. J. 

Hazard. Mate.r, 180(1 3): 122 130. 

https://doi.org/10.1016/j.jhazmat.2010.04.001 
 

Thanhmingliana, and Tiwari, D. (2015a). Efficient use of hybrid materials in the 

remediation of aquatic environment contaminated with micro-pollutant 

diclofenac sodium. J. Chem. Eng., 263: 364 373. 

https://doi.org/10.1016/j.cej.2014.10.102 

 
Thanhmingliana, Tiwari, D., and Lee, S.-M. (2016). Hybrid materials in the 

remediation of arsenic contaminated waters: A physico-chemical study. 

Desalination Water Treat., 57(5): 1995 2005. 

https://doi.org/10.1080/19443994.2014.979241 



 

 
Thiele, H. (1953). The Dynamical Character of Adsorption, von H. J. de Boer. Oxford 

University Press, 1953. 1. Aufl. X V, 239 S., 45 Abb. Gebd. S. 30. . Angew 

Chem., 65(16): 431 431. https://doi.org/10.1002/ange.19530651619 
 

Thomas, H. C. (1944). Heterogeneous Ion Exchange in a Flowing System. J. Am. 

Chem. Soc., 66(10): 1664 1666. https://doi.org/10.1021/ja01238a017 
 

Tiwari, D., Kim, H.-U., and Lee, S.-M. (2007). Removal behavior of sericite for Cu(II) 

and Pb(II) from aqueous solutions: Batch and column studies. Sep. Purif. 

Technol., 57(1): 11 16. https://doi.org/10.1016/j.seppur.2007.03.005 

 
Tiwari, D., Lalhriatpuia, C., Lalhmunsiama, Lee, S.-M., and Kong, S.-H. (2015). 

Efficient application of nano-TiO2 thin films in the photocatalytic removal of 

Alizarin Yellow from aqueous solutions. Appl. Surf. Sci., 353: 275 283. 

https://doi.org/10.1016/j.apsusc.2015.06.131 

 
Tiwari, D., Lalhriatpuia, C., and Lee, S.-M. (2015). Hybrid materials in the removal 

of diclofenac sodium from aqueous solutions: Batch and column studies. J Ind 

Eng Chem., 30: 167 173. https://doi.org/10.1016/j.jiec.2015.05.018 

 
Tiwari, D., Mishra, S. P., Mishra, M., and Dubey, R. S. (1999). Biosorptive behaviour 

of Mango (Mangifera indica) and Neem (Azadirachta indica) bark for Hg2+, 

Cr3+ and Cd2+ toxic ions from aqueous solutions: A radiotracer study. Appl 

Radiat Isot., 50(4): 631 642. https://doi.org/10.1016/S0969-8043(98)00104-3 

 
Tiwari, J. N., Mahesh, K., Le, N. H., Kemp, K. C., Timilsina, R., Tiwari, R. N., & Kim, 

K. S. (2013). Reduced graphene oxide-based hydrogels for the efficient capture 

of dye pollutants from aqueous solutions. Carbon, 56: 173 182. 

https://doi.org/10.1016/j.carbon.2013.01.001 

 
Tomar, V., Prasad, S., and Kumar, D. (2013). Adsorptive removal of fluoride from 

water samples using Zr Mn composite material. Microchem. J., 111: 116 124. 

https://doi.org/10.1016/j.microc.2013.04.007 



 

 
Tounsadi, H., Khalidi, A., Farnane, M., Abdennouri, M., and Barka, N. (2016). 

Experimental design for the optimization of preparation conditions of highly 

efficient activated carbon from Glebionis coronaria L. and heavy metals 

removal ability. Process Saf. Environ Prot., 102: 710 723. 

https://doi.org/10.1016/j.psep.2016.05.017 

 
Third World Academy of Sciences (TWAS) 2002. Safe Drining Water: The Need, the 

Problem, Solutions and an Action Plan. Trieste, Italy: TWAS;. p. 23 

 
Tzabar, N., and ter Brake, H. J. M. (2016). Adsorption isotherms and Sips models of 

nitrogen, methane, ethane, and propane on commercial activated carbons and 

polyvinylidene chloride. Adsorption, 22(7): 901 914. 

https://doi.org/10.1007/s10450-016-9794-9 

 
UNDP (2015). Sustainable Development Goal. 17 Goals to Transform Our World. Goal 

6: Ensure Access to Water and Sanitation for All. UNDP Report. Available 

from: http://www.un.org/sustainabledevelopment/water-and-sanitation/ 
 
 
 

UNESCO (2014). United Nations World Water Assessment Programme (WWAP). The 

United Nations World Water Development Report: Water and Jobs, Paris 

 
Unuabonah, E. I., and Taubert, A. (2014). Clay polymer nanocomposites (CPNs): 

Adsorbents of the future for water treatment. Appl. Clay Sci., 99: 83 92. 

https://doi.org/10.1016/j.clay.2014.06.016 

 
Ustun odabasi, S., and Büyükgüngör, H. (2016). Removal of Micropollutants in Water 

with Advanced Treatment Processes. 

 
Vadahanambi, S., Lee, S.-H., Kim, W.-J., and Oh, I.-K. (2013). Arsenic Removal from 

Contaminated Water Using Three-Dimensional Graphene-Carbon Nanotube- 

Iron Oxide Nanostructures. Environ. Sci Technol., 47(18): 10510 10517. 

https://doi.org/10.1021/es401389g 



 

 
 

Velazquez-Peña, G. C., Olguín-Gutiérrez, M. T., Solache-Ríos, M. J., and Fall, C. 

(2017). Significance of FeZr-modified natural zeolite networks on fluoride 

removal. J. Fluor Chem., 202: 41 53. 

https://doi.org/10.1016/j.jfluchem.2017.09.004 

 
Wakai, A., Lawrenson, J. G., Lawrenson, A. L., Wang, Y., Brown, M. D., Quirke, M., 

Ghandour, O., McCormick, R., Walsh, C. D., Amayem, A., Lang, E., & 

Harrison, N. (2017). Topical non-steroidal anti-inflammatory drugs for 

analgesia in traumatic corneal abrasions. Cochrane Database of Syst. Rev., (5). 

https://doi.org/10.1002/14651858.CD009781.pub2 

 
Wang, J., Tsuzuki, T., Tang, B., Hou, X., Sun, L., and Wang, X. (2012). Reduced 

Graphene Oxide/ZnO Composite: Reusable Adsorbent for Pollutant 

Management. ACS Appl. Mater. Interfaces., 4(6): 3084 3090. 

https://doi.org/10.1021/am300445f 

 
Wang, J., Wang, T., Burken, J. G., Chusuei, C. C., Ban, H., Ladwig, K., and Huang, C. 

P. (2008). Adsorption of arsenic(V) onto fly ash: A speciation-based approach. 

Chemosphere, 72(3): 381 388. 

https://doi.org/10.1016/j.chemosphere.2008.02.045 

 
Wang, S., and Peng, Y. (2010). Natural zeolites as effective adsorbents in water and 

wastewater treatment. J.Chem. Eng., 156(1): 11 24. 

https://doi.org/10.1016/j.cej.2009.10.029 

 
Wang, S., Sun, H., Ang, H. M., and Tadé, M. O. (2013). Adsorptive remediation of 

environmental pollutants using novel graphene-based nanomaterials. J.Chem. 

Eng., 226: 336 347. https://doi.org/10.1016/j.cej.2013.04.070 

 
Wang, X. S., Lu, H. J., Zhu, L., Liu, F., and Ren, J. J. (2010). Adsorption of Lead(II) 

Ions onto Magnetite Nanoparticles. Adsorp Sci Technol., 28(5): 407 417. 

https://doi.org/10.1260/0263-6174.28.5.407 



 

 
Wang, Y. h., Zhang, J. c., Song, L. f., Hu, J. y., Ong, S. l., and Ng, W. j. (2005). 

Adsorption Removal of Phenol in Water and Simultaneous Regeneration by 

Catalytic Oxidation. Environ. Eng. Sci., 22(5): 608 614. 

https://doi.org/10.1089/ees.2005.22.608 

 
Wani, A. L., Ara, A., and Usmani, J. A. (2015). Lead toxicity: A review. Interdiscip. 

Toxicol., 8(2): 55 64. https://doi.org/10.1515/intox-2015-0009 
 

Wei, H., Deng, S., Huang, Q., Nie, Y., Wang, B., Huang, J., and Yu, G. (2013). 

Regenerable granular carbon nanotubes/alumina hybrid adsorbents for 

diclofenac sodium and carbamazepine removal from aqueous solution. Water 

Res., 47(12): 4139 4147. https://doi.org/10.1016/j.watres.2012.11.062 

 
Wongjunda, J., and Saueprasea, P. (2010). Biosorption of Chromium (VI) Using Rice 

Husk Ash and Modified Rice Husk Ash. Environ., 4(3): 244 250. 

https://doi.org/10.3923/erj.2010.244.250 

 
 

Xu, C., Li, J., He, F., Cui, Y., Huang, C., Jin, H., and Hou, S. (2016). Al 2 O 3 Fe 3 O 

4 expanded graphite nano-sandwich structure for fluoride removal from 

aqueous solution. RSC Adv., 6(99): 97376 97384. 

https://doi.org/10.1039/C6RA19390K 

 
Xu, N., Li, S., Li, W., and Liu, Z. (2020a). Removal of Fluoride by Graphene 

Oxide/Alumina Nanocomposite: Adsorbent Preparation, Characterization, 

Adsorption Performance and Mechanisms. Chemistry Select, 5(6): 1818 1828. 

https://doi.org/10.1002/slct.201904867 

 
Xu, Y., Nakajima, T., and Ohki, A. (2002). Adsorption and removal of arsenic(V) from 

drinking water by aluminum-loaded Shirasu-zeolite. J. Hazard. Mater., 92(3): 

275 287. https://doi.org/10.1016/S0304-3894(02)00020-1 

 
Yadav, M., Gupta, R., & Sharma, R. K. (2019). Green and Sustainable Pathways for 

Wastewater Purification. Adv. in Water Purification Techniques., (pp. 355  

383). Elsevier. https://doi.org/10.1016/B978-0-12-814790-0.00014-4 



 

 
 

Yagub, M. T., Sen, T. K., Afroze, S., & Ang, H. M. (2014). Dye and its removal from 

aqueous solution by adsorption: A review. Adv. Colloid Interface Sci., 209: 

172 184. https://doi.org/10.1016/j.cis.2014.04.002 

 
Yang, X., Chen, C., Li, J., Zhao, G., Ren, X., and Wang, X. (2012). Graphene oxide- 

iron oxide and reduced graphene oxide-iron oxide hybrid materials for the 

removal of organic and inorganic pollutants. RSC Adv., 2(23): 8821 8826. 

https://doi.org/10.1039/C2RA20885G 

 
Yen Doan, T. H., Minh Chu, T. P., Dinh, T. D., Nguyen, T. H., Tu Vo, T. C., Nguyen, 

N. M., Nguyen, B. H., Nguyen, T. A., and Pham, T. D. (2020). Adsorptive 

Removal of Rhodamine B Using Novel Adsorbent-Based Surfactant-Modified 

Alpha Alumina Nanoparticles. J Anal Methods Chem., 2020: 1 8. 

https://doi.org/10.1155/2020/6676320 

 
Yoon, Y., Park, W. K., Hwang, T.-M., Yoon, D. H., Yang, W. S., and Kang, J.-W. 

(2016). Comparative evaluation of magnetite graphene oxide and magnetite- 

reduced   graphene   oxide   composite    for   As(III)   and   As(V)   removal.  

J. Hazard. Mater., 304: 196 204. 

https://doi.org/10.1016/j.jhazmat.2015.10.053 

 
Yoon, Y., Zheng, M., Ahn, Y.-T., Park, W. K., Yang, W. S., and Kang, J.-W. (2017). 

Synthesis of magnetite/non-oxidative graphene composites and their 

application for arsenic removal. Sep. Purif. Technol., 178: 40 48. 

https://doi.org/10.1016/j.seppur.2017.01.025 

 
Zhang, K., Dwivedi, V., Chi, C., and Wu, J. (2010). Graphene oxide/ferric hydroxide 

composites     for    efficient     arsenate    removal    from    drinking    water. 

J. Hazard. Mater., 182(1 3): 162 168. 

https://doi.org/10.1016/j.jhazmat.2010.06.010 
 

Zhang, L., Luo, H., Liu, P., Fang, W., and Geng, J. (2016). A novel modified graphene 

oxide/chitosan composite used as an adsorbent for Cr(VI) in aqueous 



 

 
solutions.Int. J. Biol. Macromol.,87:586 596. 

https://doi.org/10.1016/j.ijbiomac.2016.03.027 

 
Zhang, W., Shi, X., Zhang, Y., Gu, W., Li, B., and Xian, Y. (2013). Synthesis of water- 

soluble magnetic graphene nanocomposites for recyclable removal of heavy 

metal ions. J. Mater. Chem., 1(5): 1745 1753. 

https://doi.org/10.1039/C2TA00294A 

 
Zhang, Z., Luo, H., Jiang, X., Jiang, Z., and Yang, C. (2015). Synthesis of reduced 

graphene oxide-montmorillonite nanocomposite and its application in 

hexavalent chromium removal from aqueous solutions. RSC Adv., 5(59): 

47408 47417. https://doi.org/10.1039/C5RA04288G 

 
 

Zhao, G., Ren, X., Gao, X., Tan, X., Li, J., Chen, C., Huang, Y., and Wang, X. (2011). 

Removal of Pb(II) ions from aqueous solutions on few-layered graphene oxide 

nanosheets. Dalton Trans., 40(41): 10945 10952. 

https://doi.org/10.1039/C1DT11005E 

 
Zhu, J., Sadu, R., Wei, S., Chen, D. H., Haldolaarachchige, N., Luo, Z., Gomes, J. A., 

Young, D. P., and Guo, Z. (2012). Magnetic Graphene Nanoplatelet 

Composites toward Arsenic Removal. ECS J. Solid State Sci. Technol., 1(1): 

M1 M5. https://doi.org/10.1149/2.010201jss 

 
Zhu, J., Wei, S., Gu, H., Rapole, S. B., Wang, Q., Luo, Z., Haldolaarachchige, N., 

Young, D. P., and Guo, Z. (2012). One-Pot Synthesis of Magnetic Graphene 

Nanocomposites Decorated with Core@Double-shell Nanoparticles for Fast 

Chromium Removal. Environ. Sci. Technol., 46(2): 977 985. 

https://doi.org/10.1021/es2014133 

 
Zhu, L., Chen, B., and Shen, X. (2000). Sorption of Phenol, p -Nitrophenol, and 

Aniline to Dual-Cation Organobentonites from Water. Environ. Sci. Technol., 

34(3): 468 475. https://doi.org/10.1021/es990177x 



 

 
Zou, W., Han, R., Chen, Z., Jinghua, Z., and Shi, J. (2006). Kinetic study of adsorption 

of Cu(II) and Pb(II) from aqueous solutions using manganese oxide coated 

zeolite in batch mode. Colloids Surf. A: Physicochem. Eng. Asp., 279(1): 238  

246. https://doi.org/10.1016/j.colsurfa.2006.01.008 



 

 
BIO-DATA 

 
 

1. NAME : Ngainunsiami 
 

2. DATE OF BIRTH : 3rd December, 1991. 
 

3.  NAME : P.L. Ropianga 
 

4. PERMANENT ADDRESS : C-64/A, Durtlang North, Aizawl, 
 

Mizoram, India, 796025 
5. EDUCATIONAL QUALIFICATIONS : 

 
 

Qualification Year of 
Passing 

Board/University Subjects Marks 
% 

Division 

HSLC 2007 Indian Certificate of 
Secondary 
Education (ICSE) 

English, 
Hindi, 
Mathematics, 
Science, 
Computer 
science. 

71.2 First 

HSSLC 2009 Council of Higher 
Secondary Education 
(COSEM) 

English, 
Alt. 
English, 
Physics, 
Chemistry, 
Biology 

62.4 First 

B.Sc 
(Chemisty) 

2012 Govt. Zirtiri 
Residential Science 
College, Mizoram 
University 

Chemistry, 
Physics, 
English, 
Botany, 
Zoology, 

48.25 Second 

M.Sc 
(Chemistry) 

2014 Mizoram University Chemistry 
(Specializatio 
in Organic 
Chemistry) 

74.3 First 



 

 
 
 
 

List of publications 
 

Journals 
 

1. Lalhmunsiama, L., Ngainunsiami, N., Kim, D.-J., and Tiwari, D. (2021). 

Graphene based advanced materials in the remediation of aquatic environment 

contaminated with fluoride: Newer insights and applicability. Chem. Eng. 

Process.:Process Intensif, 165: 108428. 

https://doi.org/10.1016/j.cep.2021.108428 
 

2. Levia Lalthazuala, Lalhmunsiama, Ngainunsiami, Diwakar Tiwari, Seung 

Mok Lee and Suk Soon Choi (2022). Efficient elimination of tetracycline by 

ferrate (VI): Real water implications. Applied Chemistry for Engineering, 

34:3. https://doi.org/10.14478/ace.2023.1012 
 

3. Ngainunsiami, Lalhmunsiama and Tiwari D. (2023). Facile and greener 

synthesis of novel nanocomposite materials: Insights of interfacial studies in 

the elimination of arsenic and fluoride in single and binary components. 

(Communicated: Environmental Science and Pollution Research) 

Engineering Journal) 

 
4. Ngainunsiami, Lalhmunsiama and Tiwari D. (2023). Facile synthesis of 

novel graphene-based magnetized nanocomposite materials for the 

simultaneous elimination of lead (II) and chromium (VI) in aqueous medium: 

Insights of interfacial studies. (Communicated: Applied Water Science) 

 
5. Ngainunsiami, Lalhmunsiama and Tiwari D. (2023). Green and facile 

synthesis of novel mesoporous nanocomposites: Insights of interfacial 

studies for diclofenac sodium and Rhodamine B. (Communicated: 

Environmental Research) 



 

 
Conference/ Seminar 

 
 

1. from 

aquatic  at International Conference on Chemistry & 

Environmental Sustainability (ICCES-2019) on 19th to 22nd February, 2019 

which was organized by Department of Chemistry, Mizoram university Aizawl, 

Mizoram, India. 

 
2.  Presented mical Detection of Emerging Water Contaminants: 

Voltammetric Determination of Sulfamethoxazole on Nano-composite Modified 

- 2019) held on 22nd to 23rd November 

2019, organized by Department of BS&HSS (Physics), National Institute of 

Technology, Aizawl, Mizoram, India. 

 
3.  Presented  Fenton like degradation of diclofenac using 

synthesized Bentonite /Ag(NPs)/Fe(NPs) nano-composite at National 

Conference on Emerging Trends In Environmental Research (NACETER 2019), 

organized by Department of Environmental Science, Pachhunga University 

College, Aizawl in collaboration with Environment, Forest and Climate Change 

Department, Government of Mizoram, during 31 October  2 November 2019. 

 
4. Oxide using Sugarcane Syrup: Efficient Use 

 

2nd Annual Convention of North East (India) Academy of Science and 

Technology (NEAST) & International Seminar on Recent Advances in Science 

and Technology (ISRAST), 16th -18th November 2020, Organized by NEAST, 

Mizoram University, Aizawl, Mizoram, India 

 
5. Presented  use of sugarcane derived graphene oxide-based 

nanocomposite material for the remediation of aqueous solution contaminated 
th 

Mizoram Science Congress held at Aijal Club, Aizawl during 24-25 

November,2022. 



 

 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 

 



 

 

 



 

 

 



 

PARTICULARS OF THE CANDIDATE 
 
 
 

NAME OF THE CANDIDATE : Ngainunsiami 
 

DEGREE : Doctor of Philosophy (Ph.D.) 
 

DEPARTMENT : Department of Chemistry 
 

TITLE OF THESIS : Magnetite graphene oxide - clay 

nanocomposites in the 

remediations of aquatic 

environment contaminated with 

arsenic and fluoride. 

DATE OF ADMISSION : 18th August, 2017 
 
 

APPROVAL OF RESEARCH PROPOSAL: 
 

1. DRC : 5th April, 2018 
 

2. BOS : 13th April, 2018 
 

3. SCHOOL BOARD : 24th April, 2018 
 

4. MZU REGISTRATION NUMBER : 3173 of 2009-10 
 

5. Ph.D. REGISTRATION NO. & DATE : MZU/Ph.D/1104 of 24.04.2018 
 
 
 
 
 
 
 
 

Head 
 

Department of Chemistry 


	3. ABSTRACT Body FINAL.pdf
	Final Thesis.pdf

